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NATIONAL PARKS AND CONSERVATION ASS'N v. F.A.A.
NOS. 90-9564, 90-9576 AND 91-9513.

998 F.2d 1523 (1993)

NATIONAL PARKS AND CONSERVATION ASSOCIATION, Southern Utah Wilderness
Alliance; Sierra Club; Deborah L. Threedy, Petitioners,

v.
F EDERAL AVIATION ADMINISTRATION, Department of Transportation,

Respondents.
NATIONAL PARKS AND CONSERVATION ASSOCIATION, Southern Utah Wilderness

Alliance, Sierra Club, Deborah L. Threedy, Petitioners,
v.

F EDERAL AVIATION ADMINISTRATION, Department of Transportation, Bureau of
Land Management, United States Department of the Interior, Respondents.

San Juan County Board of Commissioners, Real Party in Interest.

United States Court of Appeals, Tenth Circuit.
July 7, 1993.

William J. Lockhart, Salt Lake City, UT, for petitioners.
John A. Bryson (Peter R. Steenland, Jr. and Barry M. Hartman, Acting Asst. Atty. Gen., Dept. of Justice,
Washington, DC, Karl B. Lewis, Office of Asst. Chief Counsel, Northwest Mountain Region, Federal
Aviation Admin., Renton, WA, and David K. Grayson, Regional Sol., U.S. Dept. of Interior, Salt Lake City,
UT, with him, on the briefs), for respondents.
Before LOGAN, BARRETT and SEYMOUR, Circuit Judges.

SEYMOUR, Circuit Judge.

This appeal arises from the construction of an airport at Halls Crossing in San Juan County, Utah. In No.
90-9564, petitioners seek review of an order of the Federal Aviation Administration (FAA) approving the
construction, operation, and funding of the airport.1 In No. 91-9513, petitioners seek review of actions of the
Bureau of Land Management (BLM) approving an amendment of a land plan which allowed disposal by
patent of BLM public land in San Juan County for use by the airport.2 We reverse.3

I.

The airport is located adjacent to the boundary of Glen Canyon National Recreation Area (GCNRA), a unit
of the National Park System. Planning for the airport began due to concerns of the National Park Service
(NPS) regarding the safety of the existing dirt airstrip. San Juan County sought to sponsor an airport and
requested FAA approval and funding.

In accordance with requirements of the National Environmental Policy Act (NEPA), 42 U.S.C. §§ 4321 et
seq., the FAA prepared an environmental impact statement (EIS) in cooperation with the NPS and the
BLM. The BLM administers the various public lands which were considered as sites for the airport. In the
EIS, the FAA analyzed its obligations under section 4(f) of the Transportation Act,4 section 2208 of the
Airport and Airways Improvement Act (AAIA),5 and section 308 of the Federal Aviation Act (FAA Act).6 Two
of the potential sites for the airport were located on public lands administered by the BLM pursuant to the
Federal Land Policy and Management Act (FLPMA), 43 U.S.C. §§ 1701 et seq. (1986). A portion of the site
finally selected was located on land that had been designated an "area of critical environmental concern"
(ACEC) under sections 1702(a) and 1712(c) of FLPMA by a 1989 Proposed Resource Management Plan
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(RMP).7 The BLM also governed the sites according to the 1973 Management Framework Plan.8 The RMP,
when finalized,
would have required scenic protection for corridors on both sides of Utah Highway U-276, which
subsequently included the airport site. The 1989 RMP nominated the area for protection as the Scenic
Highway Corridor ACEC. Therefore, in order to permit conveyance, the BLM had to amend the land plan,
which required compliance with NEPA.

The FAA issued the draft EIS (hereinafter DEIS) on January 17, 1990. On the same day, the BLM gave
notice of its intention to amend the 1973 Management Plan. The notice stated that the BLM would rely on
the FAA's EIS as the basis for compliance with NEPA. The final EIS (hereinafter FEIS) was issued in May
1990. The Record of Decision approving the airport and conveying the land was issued in August 1990. In
deciding to fund the airport, the FAA determined there would be no significant impacts on the recreational
experience of visitors at the Glen Canyon recreation area. To reach this decision, the FAA considered the
impact of the airport on several aspects of the recreation area and its visitors. One of the main concerns
was the impact of airplane noise. The FAA undertook a noise impact analysis and determined that there
would be no significant impact on the visitors. The finding of no significant impact led the FAA to determine
the airport would not "use" the resources of the area, thereby not triggering the requirements of section 4(f)
of the Transportation Act.9

Petitioners contend the FAA incorrectly determined that the noise impact of the airport would have "no
significant impact" on the surrounding environment. They specifically assert that the FAA ignored relevant
studies on noise impact including one prepared by the NPS, and that the FAA failed to consider relevant
factors in determining the noise impacts. Petitioners also contend that the BLM failed to give the required
notice of the land plan amendment and of its intent to change the designation of the Scenic Highway
Corridor, and failed to comply with its duties under FLMPA by not providing a rational assessment of the
effect of the conveyance on the existing land plans. Finally, petitioners argue that the BLM's reversal of its
position with respect to the Scenic Corridor ACEC constitutes arbitrary and capricious action.

Respondents dispute each of petitioners' contentions. They argue that the noise impact analysis
considered all relevant factors under the methodology chosen by the FAA, and that the EIS is sufficient in
meeting the BLM's requirements under FLMPA. They also assert that the 1989 RMP was only a proposal
and therefore the change in designation of the land was not arbitrary and capricious action.

II.

JURISDICTION

We must first determine whether jurisdiction to review petitioners' claims rests with this court, the district
court, or both courts. As we have noted, the action petitioners filed in district court was transferred to this
court after the district court held it lacked subject matter jurisdiction.

A. THE FAA DECISION

The FAA Act in section 1006(a) vests exclusive jurisdiction in the Courts of Appeals for review of "any order
... issued by the Board or Administrator under this Act." Act of Aug. 23, 1958, 72 Stat. 795.10 Petitioners
argue that their claims do not challenge action taken under the FAA Act but rather actions taken under the
AAIA, section 4(f), NEPA, the National Park Service Organic Act, 16 U.S.C. § 1 (1992), and the Airports In
and Near National Parks Act, 16 U.S.C. § 7a (1992).11 They further contend that the actions of the BLM
were clearly not taken under the FAA Act. Respondents assert that all of the actions challenged took place
pursuant to the basic determination to fund the airport as set forth in the FAA's Record of Decision. As
required by section 308 of the FAA Act, the Secretary must determine that the airport is "reasonably
necessary" for use in air commerce before funds are approved. Respondents also contend that the BLM
actions were taken in response to a request by the FAA to convey the land and are therefore part of the
overall FAA airport authorization process.

In considering our jurisdiction over the challenged FAA actions, we first note some basic propositions.

[W]hen two jurisdictional statutes draw different routes of appeal, the well-established rule is to apply only
the more specific legislation. See 1A C. Sands, Statutes and Statutory Construction § 23.16 (4th ed. 1972). "
[T]he rule that a precisely drawn, detailed statute preempts more general remedies" flows from the
Congressional intent to carve out from the broader scheme a specific exception for this particular type of
claim. Block v. North Dakota, ex rel. Bd. of Univ. and School Lands, 461 U.S. 273, 285, 103 S.Ct. 1811, 1818,
75 L.Ed.2d 840 (1983).

California Save Our Streams Council v. Yeutter, 887 F.2d 908, 911 (9th Cir.1989). Chapter 20 of the
Transportation Act created the FAA. 49 U.S.C. § 1341(a). The jurisdictional provision in section 1006 of the
FAA Act is also found in Chapter 20 of the Transportation Act. This is of some significance as "[s]tatutory
review in the agency's specially designated forum prevails over general federal question jurisdiction in the
district courts." Media Access Project v. F.C.C., 883 F.2d 1063, 1067 (D.C.Cir.1989). See also City of
Rochester v. Bond, 603 F.2d 927, 931 (D.C.Cir.1979); General Elec. Uranium Management Corp. v. Dep't
of Energy, 764 F.2d 896, 903 (D.C.Cir.1985) ("`where it is unclear whether review jurisdiction is in the
district court or the court of appeals the ambiguity is resolved in favor of the latter'") (quoting Denberg v.
United States R.R. Retirement Bd., 696 F.2d 1193, 1197 (7th Cir. 1983), cert. denied, 466 U.S. 926, 104
S.Ct. 1706, 80 L.Ed.2d 180 (1984)); Connors v. Amax Coal Co., 858 F.2d 1226, 1231 (7th Cir.1988)
("Generally, when jurisdiction to review administrative determinations is vested in the courts of appeals
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these specific, exclusive jurisdiction provisions preempt district court jurisdiction over related issues under
other statutes."). Moreover, in determining which orders fall under the FAA Act, the term "order" should be
construed broadly. State of New York  v. F.A.A., 712 F.2d 806, 808 (2d Cir.1983).

As the court in Media Access Project noted, other courts have addressed the issue of which FAA
decisions encompass an "order" under the FAA Act and therefore receive direct review in the appellate
courts.12

[C]ourts [have] found that decisions of the [FAA] to proceed with certain plans without requiring
environmental impact statements were made pursuant to the agency's organic statute ... and not under
[NEPA].... Thus, the district courts did not have jurisdiction over challenges to the FAA's action as
inconsistent with NEPA; rather, the court of appeals' jurisdiction was exclusive.

Media Access Project, 883 F.2d at 1067 (citing City of Rochester, 603 F.2d at 936; City of Alexandria v.
Helms, 728 F.2d 643, 645 n. 2 (4th Cir.1984); Suburban O'Hare Comm'n v. Dole, 787 F.2d 186, 192-193
(7th Cir.), cert. denied, 479 U.S. 847, 107 S.Ct. 169, 93 L.Ed.2d 106 (1986)).

Moreover, we note that NEPA does not provide independent grounds for district court jurisdiction. "[W]hen
review of an agency order is at issue and when Congress has vested exclusive jurisdiction over that review
in the Courts of Appeals, NEPA does not provide independent grounds for district court jurisdiction." Helms,
728 F.2d at 646 (footnote omitted).

While factually different in that the FAA here did prepare an EIS, we believe the above reasoning applies to
the case before us. The determinations regarding the environmental impact of the airport were necessary to
the FAA's decision to fund the proposed airport. While these determinations were made under statutes
other than the FAA Act, all were taken under the FAA's organic statute and in regard to the FAA's basic
mission: the regulation of the nation's air transport system. We therefore conclude that we have jurisdiction
to review the challenged FAA actions.

B. THE BLM DECISION

Somewhat more difficult to determine is whether we have jurisdiction over the challenged actions of the
BLM. Under the Administrative Procedure Act, 5 U.S.C. §§ 701 et seq. (1988), and the general grant of
federal question jurisdiction, 28 U.S.C. § 1331, review of BLM decisions generally rests in the district
courts. In order to find appellate jurisdiction in this case, we must determine that the actions of the BLM
were taken to facilitate the actions of the FAA, and that such facilitation places the BLM's actions under
our jurisdiction. Pursuant to section 516 of the AAIA Act, 49 U.S.C.App. § 2215(b), the Secretary of the
FAA requested the BLM to convey the land for the airport as "reasonably necessary" to the airport project.

Upon receipt of a request from the Secretary ... the head of the [BLM] shall determine whether the requested
conveyance is inconsistent with the needs of the [BLM].... If the [BLM] determines that the requested
conveyance is not inconsistent with the needs of the [BLM], the [BLM] is hereby authorized and directed ... to
perform any acts and to execute any instruments necessary to make the conveyance requested.

Id. Thus, while the BLM's decision to convey the land focused on statutes separate from the FAA Act, the
BLM's decision-making process was initiated by the provisions of the FAA Act. Contrary to petitioners'
argument, the BLM was required to consider the request, at the very least to determine if the project was
inconsistent with the needs of the BLM. See id. ("the head of the [BLM] shall determine....") (emphasis
added). Moreover, if the BLM had determined that the land could not be conveyed, the FAA's project would
not have been able to proceed on that land.

The issue of whether a jurisdictional grant to review one agency's actions reaches another agency's actions
was addressed in California Save Our Streams Council, 887 F.2d 908. In that case, the Ninth Circuit
considered the reach of jurisdiction of the appellate courts under the Federal Power Act, 16 U.S.C. §§ 792
et seq. (1992). The Federal Energy Regulatory Commission (FERC) proposed to issue a license for a
power facility on land managed by the Forest Service. As required by its governing regulations, FERC
solicited conditions to be imposed on the use of the land from the Forest Service. The Forest Service
imposed fourteen conditions on the proposed license, and FERC issued the license. The Council brought
suit against the Forest Service, alleging a failure to follow
procedures outlined in statutes separate from the Federal Power Act.

The Ninth Circuit determined that under the Federal Power Act, exclusive jurisdiction to review rested with
the courts of appeals. In making this determination, the court stated "the practical effect of the action in
district court is an assault on an important ingredient of the FERC license." Id. at 912. The court also noted
the possibility for duplicative suits if the action against the Forest Service was allowed to proceed in district
court. "The point of creating a special review procedure in the first place is to avoid duplication and
inconsistency.... Appellants' theory would resurrect the very problems that Congress sought to eliminate."
Id.

The same issues arise here. The challenge to the BLM centers on the effect of the airport on the
surrounding area. Without the construction of the airport, the BLM's actions would be meaningless.
Moreover, if the BLM actions could not be directly reviewed by us while the FAA actions could, the
bifurcated suit could result in inconsistency, duplication, and delay. Finally, we note "[i]f there is any
ambiguity as to whether jurisdiction lies with a district court or with a court of appeals we must resolve that
ambiguity in favor of review by a court of appeals." Suburban O'Hare Comm'n, 787 F.2d at 192. Given the
statutory scheme in which the actions of the BLM arose and the analysis discussed above, we conclude
that we do have jurisdiction to review the actions of the BLM.
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Petitioners suggest a finding of jurisdiction would lessen the importance attached to the BLM and the
policies of FLPMA by treating them as subsidiary to the FAA. Such a characterization is unsound. In
determining that the actions of the BLM were made at the request of and as part of the FAA's planning
process, we do not disregard the mission of the BLM and the important policies of FLPMA, which we hold
in the highest regard.

III.

ACTIONS OF THE BLM

As described above, the airport site is located on public land administered by the BLM pursuant to section
202 of FLPMA, 43 U.S.C. § 1712. The site was managed under the 1973 Management Framework Plan,
which, respondents agree, did not authorize disposal of the site. Resp.Br. at 20. The proposed 1989 RMP
also contained a ban on transfer of federal ownership of the land: "Scenic Highway Corridor ACEC would be
... retained in public ownership and not classified, segregated or withdrawn from entry." Rec. (No. 91-9513),
supp. vol. I, at 67-68. Further, the RMP specifically "exclud[ed] surface disturbance to protect ... Scenic
Highway Corridor ACEC." Id. at 12. Thus, under either the existing or the proposed RMP, a plan
amendment had to be effected before the land could be transferred from the BLM.

Petitioners contend the BLM's actions violated the notice requirements of FLPMA, which mandate public
participation from the beginning of the planning process.13 The statute clearly states that "[t]he Secretary
shall with public involvement and consistent with the terms and conditions of this Act, develop, maintain,
and, when appropriate, revise land use plans which provide by tracts or areas for the use of the public
lands." 43 U.S.C. § 1712(a) (emphasis added). The FAA claims sufficient notice of the plan amendment
was given in the scoping notice, which listed "U-95 Scenic Corridor Restrictions" as a scoping issue. Rec.
(No. 90-9564), supp. vol. III, doc. 15 at F5 (hereinafter FEIS).

The governing regulations of the BLM as promulgated under FLPMA provide that an amendment "shall be
made through an environmental assessment of the proposed change, or an environmental impact
statement, if necessary, [and] public involvement as prescribed in § 1610.2." 43 CFR § 1610.5-5 (1991).
Under section 1610.2, the public "shall be provided opportunities to
meaningfully participate in and comment on the preparation of plans, amendments and related guidance
and be given early notice of planning activities." Id. § 1610.2(a) (emphasis added).

Public notice and opportunity for participation in resource management plan preparation shall be
appropriate to the areas and people involved and shall be provided at the following specific points in the
planning process:

(1) General notice at the outset of the process inviting participation in the identification of issues. (See §§
1610.2(c) and 1610.4-1);

(2) Review of the proposed planning criteria (See § 1610.4-2);

(3) Publication of the draft resource management plan and draft environmental impact statement (See §
1610.4-7);

(4) Publication of the proposed resource management plan and final environmental impact statement which
triggers the opportunity for protest (See §§ 1610.4-8 and 1610.5-1(b)); and

(5) Public notice and comment on any significant change made to the plan as a result of action on a protest
(See § 1610.5-1(b)).

Id. § 1610.2(f) (1)-(5).

The regulations specifically describe the public participation required from the very beginning of the
process.

At the outset of the planning process, the public, other Federal agencies, State and local governments and
Indian tribes shall be given an opportunity to suggest concerns, needs, and resource use, development,
and protection opportunities for consideration in the preparation of the resource management plan.

Id. at § 1610.4-1.

A brief chronology of the actions of both agencies is helpful in determining whether the BLM met the notice
requirements. In September 1987, the BLM issued a proposed RMP for the disputed area.14 Rec. (No. 91-
9513), supp. vol. I, at i. This RMP contained a ban on the transfer of the land: the "Scenic Highway Corridor
ACEC would be ... retained in public ownership." Rec. (No. 91-9513), supp. vol. I, at 67-68. On December
17, 1987, the FAA issued its scoping packet with the "U-95 Scenic Corridor Restrictions" as an issue.
FEIS at F1-F4. No mention was made of any specific "restrictions" contemplated. The scoping packet
referred to three possible sites for the airport, id. at F5, none of which was in the U-95 Scenic Corridor.
Following the scoping packet, the FAA engaged in a site selection study during 1988 and 1989. From that
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study, the current airport site was chosen. The record does not establish that the study was made public.

Significantly, during this same time, the BLM continued to move forward on the proposed RMP. In April
1989, the BLM reissued the proposed RMP with the ban on transfer of federal land still included. Rec. (No.
91-9513), supp. vol. I, at i. Thus, as far as the public was or could have been aware, the BLM intended to
protect the area which the FAA had privately identified as a possible site for the airport. In fact, the BLM
and the FAA were discussing the proposed airport at Halls Crossing. For example, the very same month
that the 1989 RMP was reissued, the Secretary of the Interior sent a letter to the Governor of Utah
expressing his "understanding that an alternative [airport] site on public lands has been identified. If using
public lands outside the Recreation Are [sic] is a viable alternative, BLM would be happy to work with you
to make the lands available." Rec. (No. 91-9513), vol. II, doc. 104. See also "Chronology of Halls Crossing
Patent," Rec. (No. 91-9513), vol. I, doc. 4 (listing the numerous letters between the FAA and the BLM after
the re-release of the RMP and before the notice of plan amendment). Then, on January 17, 1990, the FAA
issued the DEIS with the final airport site identified for the first time. Rec. (No. 90-9564), supp. vol. II, doc.
11. On the same day, the BLM issued a notice of plan amendment. Rec. (No. 90-9564), supp. vol. I, doc.
10. The draft EIS also stated "the analysis in this EIS constitutes NEPA analysis for the Plan
Amendment." DEIS at 2.31. The DEIS was the first notice to the public that
not only was the proposed RMP banning the transfer of land not moving forward, but the BLM actually
intended to transfer the land.

The FAA's argument that the scoping notice provided sufficient notice of the plan amendment is completely
unpersuasive. At the time of the issuance of the scoping packet in 1987, neither BLM site subsequently
specified in the DEIS and the FEIS had yet been identified. See FEIS at F1-F4. Consequently, the FAA's
argument that a mention in 1987 of "U-95 scenic corridor restrictions" with no further specifics is equivalent
to notice of the necessity for a plan amendment is specious.

The FAA argues that petitioners received actual notice of the intended plan amendment through the
scoping notice and the DEIS. We have already demonstrated that the scoping notice did not provide the
requisite notice. Moreover, even assuming that the DEIS provided sufficient notice and recognizing that
petitioners did have the opportunity to comment on the DEIS, the BLM still violated its own regulations.
Notice is required to be provided at the "onset of the planning process." 43 CFR § 1610.4-1. It is clear that
discussion of a transfer of land had begun months prior to the issuance of DEIS and the DEIS was thus not
the beginning of the planning process.

Congress, through FLPMA and NEPA, has determined that the public has a right to participate in actions
affecting public lands. As the record in this case clearly reflects, actions such as this one, involving more
than one federal agency and various federal environmental laws, contain serious potential for confusion,
especially for the public. Under the specific requirements of NEPA and FLPMA, the BLM was required to
provide petitioners and the public with clear notice of its actions so that the statutory participation could
take place. It is apparent from the chronology set forth above that the notice given was far from adequate.
We therefore hold that the notice requirements to amend the plan and transfer the land were not met.

IV.

ACTIONS OF THE FAA

Petitioners also assert that the actions of the FAA violate section 4(f) of the Transportation Act and section
2208 of the AAIA. At the crux of their argument is the FAA's determinations that the airport would have "no
significant impact" and "no significant adverse effect" on the visitors or recreational use of the Glen Canyon
area. Petitioners contend the FAA applied an unlawful standard in making these determinations.15 The
FAA argues in response that the agency adequately utilized a lawful standard.

Obligations under section 4(f) arise if the project makes "use" of publicly owned land. 49 U.S.C. § 303(c).
The term "use" is construed broadly and is "not limited to the concept of a physical taking, but includes
areas that are significantly, adversely affected by the project." Adler v. Lewis, 675 F.2d 1085, 1092 (9th
Cir.1982). "No `use' will be deemed to have occurred where an action will have only an insignificant effect on
the existing use of protected lands." Allison v. Dep't of Transp., 908 F.2d 1024, 1028 (D.C.Cir.1990). The
relevant inquiry is therefore whether the project would have a "significant" impact on the lands. This inquiry
is almost identical to the analysis necessary under section 2208, whereby the Secretary must determine if
the project will have a "significant, adverse impact." If a finding of significance is made under either section,
the Secretary can only approve the project if there are no feasible, prudent alternatives and all reasonable
steps have been taken to minimize the harm or the adverse effect. Compare 49 U.S.C. § 303(c) with 49
U.S.C.App. § 2208(b)(5).

"The determining factors as to whether the impacts are significant are the threshold levels defined in FAA
Order 5050.4a." FEIS at 4.1. This FAA document "provides instructions and guidance for preparing and
processing ... environmental impact statements [] for airport development proposals." Airport Environmental
Handbook, FAA Order 5050.4a at 1 (Oct. 8, 1985), Department of Transportation, Federal Aviation
Administration.
In turn, Order 5050.4a references the Federal Aviation Regulations, 14 CFR Pt. 150, App. A. Appendix A is
a Land Use Compatibility chart which lists land uses and the noise levels considered compatible with each
use as measured under the Ldn methodology. The FEIS contains a copy of this chart in its appendix. FEIS
at App. 4.

We review the FAA's determination of no significant impact and the decision to fund the airport under the
arbitrary and capricious standard. Motor Vehicles Mfrs. Ass'n v. State Farm Mut. Auto. Ins. Co., 463 U.S.
29, 34, 103 S.Ct. 2856, 2862, 77 L.Ed.2d 443 (1983); Citizens to Preserve Overton Park  v. Volpe, 401 U.S.
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402, 414, 91 S.Ct. 814, 822, 28 L.Ed.2d 136 (1971). While our inquiry must be "searching and careful," we
must uphold the agency if there is a rational basis for its opinion. Thomas Brooks Chartered v. Burnett, 920
F.2d 634, 643 (10th Cir.1990). "All the agency need do is demonstrate it considered relevant factors and
alternatives after a full ventilation of the issues, and that the choice it made was reasonable based on those
considerations." Id. We review the factual findings underlying the no significant impact determination under
the substantial evidence standard. See 49 U.S.C.App. § 1486(e).

As mentioned above, the FEIS stated that the threshold levels to determine significance were those listed
under the Land Use Compatibility chart which made use of the Ldn methodology. However, in evaluating the
impacts of overflights on visitors to Glen Canyon, "the agency did not use the Ldn methodology typically
employed to analyze potential impacts near the proposed airport sites because that methodology `is
uniquely suited to assess ... noise impact in the immediate airport environs'.[sic]" Resp.Br. at 8 (quoting
FEIS at 9.29). Instead, the FAA attempted to assess the pre-airport noise environment and project the
post-airport noise environment based on an audibility standard. The FEIS does not list any new threshold
levels based on audibility. Thus, it is unclear what the FAA considered the threshold for significance.

It is clear, however, that the FAA believed the airport would double the current level of aircraft audibility. To
determine the actual impact of the airport on the noise environment, the FAA estimated the number of
aircraft operations for the years 1997 and 2007 if the airport were built and if the airport were not built. FEIS
at 4.36-4.37. Under the FAA's own estimates, by the year 2007, the number of aircraft would at least
double with the construction of the airport.16

Because the number of aircraft would double, the amount of time a visitor would experience audible aircraft
would also double. The FAA recognized that, "the duration of audibility of aircraft utilizing Halls Crossing
Airport may also double under the Development Alternative." FEIS at 4.41. The FEIS described the pre-
airport noise environment as one in which a visitor may experience 8-20 minutes of aircraft noise, id. at
4.39, and recognized that a backcountry user may experience "15 to 25 additional minutes (over the No
Action Alternative) of audible general aviation aircraft per busy summer day," id. (emphasis added).

Thus, the FAA determined that both the number of aircraft and the level of audibility would double. In
determining the significance of this increase, the FAA stated that such a determination is "subjective as
the degree of impact is dependent upon the recipient's attitude and sensitivity, as well as objective
measures of sound ..." FEIS at 4.34. While the FAA recognized that "[n]ot much research has been
conducted on noise impacts to recreational users," id. at 4.42, the FEIS assumed that "audible aircraft
would likely detract from the visitor's experience," id. at 4.41. The FEIS discusses a survey conducted for
the Jackson Hole, Wyoming airport in which none of the participants
mentioned aircraft noise annoyance as an irritating or bothersome condition. Id. However, no comparison is
made of the Jackson Hole airport and the proposed Halls Crossing airport. The FEIS itself describes the
limited value of the Jackson Hole study: "[o]ther surveys would likely reveal different values and attitudes."
Id.

Despite the absence of any evidence describing the impact of aircraft noise on visitors' recreational
experiences and the FAA's recognition that this determination is subjective, the FAA determined the airport
would have no significant impact on the recreational use of the area. Id. The FAA provided no empirical
evidence to support this claim, which appears to contradict other findings in the FEIS. The FAA has
substituted its subjective evaluation for that of recreational users instead of attempting to ascertain the
actual impact on the users themselves. Given these circumstances, we cannot say that agency action was
"rational" or "reasonable" in determining that the airport would have no significant impact from a noise
standpoint on the surrounding recreational environment. See Thomas Brooks Chartered, 920 F.2d at 643
(applying rational basis test). The FAA argues that the finding of "no significant impact" is a technical issue
which is committed to the agency's judgment. The FAA further contends that there is no acceptable
methodology to measure noise impacts on visitors' recreational experience, so the analysis undertaken
was necessarily subjective and inexact. Resp.Br. at 13, 14 and 27. While we agree that we owe deference
to agency determinations in an area where the agency has expertise, City of Aurora, 749 F.2d at 1462, we
need not defer to irrational judgments. The FAA explicitly rejected the Ldn methodology and performed the
noise impact analysis based on various assumptions and subjective values which did not provide us with a
"rational" decision that we could assess.

The cases cited by the FAA do not require that we hold otherwise. See Communities, Inc. v. Busey, 956
F.2d 619, 624 (6th Cir. 1992) (deferring to FAA's use of Ldn methodology to measure noise impact);
Citizens Against Burlington v. Busey, 938 F.2d 190, 201 (D.C.Cir.1991) (deferring to FAA's use of Ldn and
single event methodology to measure noise impacts where "FAA proceeded to mold a body of data,
dissect it, and display it in comprehensible forms."); Sierra Club v. U.S. Dep't of Transp., 753 F.2d 120,
129 (D.C.Cir.1985) (deferring to agency's use of Ldn methodology and stating that "[t]he court's
responsibility lies in assuring that the agency had before it all the data to make an informed decision that
adequately took account of the important environmental concerns.").

For the reasons set out above, we must conclude that the action of the FAA approving the airport project
based on a finding of "no significant impact" and "no significant adverse affect" is arbitrary and capricious.

V.

"When an agency relies on a number of findings, one or more of which are erroneous, we must reverse and
remand only when there is a significant chance that but for the errors the agency might have reached a
different result." Salt River Project Agric. Improvement & Power Dist. v. United States, 762 F.2d 1053,
1060-61 n. 8 (D.C.Cir.1985). It is unclear here whether the BLM would have reached the same decision if
active involvement by the public was present from the beginning of the process. We therefore REVERSE
the BLM's plan amendment and the transfer of land. We REMAND for further proceedings to determine
whether the land should be retained under BLM control and management or reconveyed to San Juan
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County under a newly proposed land use plan amendment. In the case of the FAA, the airport has already
been built. This does not mean that a remand would be meaningless, however. On remand, the FAA should
re-analyze the impact of the airport under section 4(f) and section 2208. The FAA may determine that it
must make use of studies not utilized in the current FEIS.17 If a
"significant" impact is found, section 4(f) and section 2208 require that all reasonable steps be taken to
mitigate the damage or adverse impact. We therefore REVERSE the FAA's determination of no significant
impact and REMAND to the FAA for further proceedings consistent with this decision.

FOOTNOTES

1. In No. 90-9576, petitioners filed an identical petition for review in the D.C. Circuit, which was transferred
to this court and consolidated with No. 90-9564.

2. Review of the BLM action was sought in the District Court of Utah under the Administrative Procedure
Act, 5 U.S.C. §§ 701-706 (1988), and the general federal question jurisdiction grant of 28 U.S.C. § 1331.
The District Court ordered the claims transferred to our court pursuant to 28 U.S.C. § 1631 (1988) (transfer
to cure want of jurisdiction).

3. On April 3, 1991, this court denied petitioners' request for a stay of the construction of the airport, which
has since been completed. Both parties stated at oral argument that this does not moot the case, however,
because the land could be reconveyed to the BLM or certain restrictions could be placed on the use of the
airport.

4.

The Secretary may approve a transportation program or project ... requiring the use of publicly owned land of
a public park, recreation area ... only if — (1) there is no prudent and feasible alternative to using that land;
and (2) the program or project includes all possible planning to minimize harm to the park, recreation area,
wildlife and waterfowl refuge, or historic site resulting from the use.

49 U.S.C. § 303(c) (1988) (hereinafter "section 4(f)").

5.

It is declared to be national policy that airport development projects authorized pursuant to this chapter shall
provide for the protection and enhancement of the natural resources and the quality of the environment of the
Nation. In implementing this policy, the Secretary ... shall authorize no such project found to have significant
adverse effect unless the Secretary shall render a finding, in writing, following a full and complete review ...
that no feasible and prudent alternative exists and that all reasonable steps have been taken to minimize
such adverse effect.

49 U.S.C.App. § 2208(b)(5) (1988) (hereinafter "section 2208").

6. "No Federal funds ... shall be expended ... except upon the written recommendation ... that such landing
area or facility is reasonably necessary for use in air commerce or in the interests of national defense." 49
U.S.C.App. § 1349(a) (1988) (hereinafter "section 308").

7. "To guide the use of [public domain lands], and to provide wise management of the public's natural
resources, BLM develops land-use plans. These plans provide an agreement between the government and
the citizens on how the public lands and resources will be managed, allocated, and used." Foreword, San
Juan Proposed Resource Management Plan (April 1989), Rec. (No. 91-9513), supp. vol. I (hereinafter 1989
RMP).

8. A Management Framework Plan provides step-by-step instructions as to the management of a particular
public land resource area. Each individual management decision (i.e., to remove livestock during the
summer) is listed along with the action required to achieve the decision and the supporting rationale.

9. Both the Environmental Protection Agency (EPA) and the Department of Interior (DOI) objected to the
FAA's conclusions. The EPA specifically objected to the use of voluntary mitigation measures and stated
"the FAA should develop specific noise monitoring ... [and] require the airport sponsor to provide adequate
long-term monitoring of noise sensitive recreational areas to assess the change in the ambient noise
environment." Rec. (No. 90-9564), supp. vol. V, doc. 21, at 2. The DOI also suggested stricter mitigation
requirements and objected to the failure of the FAA to utilize the noise audibility information provided by the
NPS. Rec. (No. 90-9564), supp. vol. VI, doc. 17 at # 448.

10. The Federal Aviation Act was partially revised in 1978. The unrevised portion is designated as Title 49
Appendix. Petitioners argue that the original version of the Aviation Act provided for jurisdiction of orders
issued "under this Act," while the revised version uses the phrase "under this chapter." Petitioners contend
this change has no legal effect. The jurisdiction is listed in 49 U.S.C.App. § 1486(a) and made exclusive in
§ 1486(d). Thus, the relevant cases often discuss section 1486, as opposed to section 1006, as do
petitioners.

11. Petitioners originally requested review of the FAA's determination under the FAA Act that the airport
was reasonably necessary for use in air commerce. In their memorandum addressing the jurisdictional
issues, petitioners stated that "no claim will challenge that `finding.'" Petitioners' Memorandum on
Jurisdictional Issues at 9. Petitioners therefore argue that there are no challenged actions taken under the
FAA Act.

12. Petitioners contend that this court has limited the reach of ancillary jurisdiction in FAA cases. City of
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Aurora v. Hunt, 749 F.2d 1457 (10th Cir.1984). We do not believe that decision is on point. First, the reach
of section 1006 of the FAA Act was not raised. Second, our decision in City of Aurora rested upon two
grounds: no independent jurisdictional basis and a failure by the City to comply with procedural
requirements. Finally, the challenged action in City of Aurora was the formation of a committee, not the
final action of the committee.

13. Petitioners raise other issues concerning the BLM's actions. In light of our decision, however, we need
not address those arguments.

14. Due to the large number of comments on this RMP, it was later treated as a draft.

15. Given our decision on this issue, we need not address petitioners' other contentions.

16. The National Park Service undertook a noise monitoring program at Glen Canyon National Recreation
Area. The study focused on "detectable" noise and used "audibility ... as the primary noise descripter."
Rec. (No. 90-9564), supp. vol. I, doc. 8. The report based the pre-airport noise atmosphere on
measurements taken from a neighboring national park. The NPS determined that the proposed airport site
would double the noise impacts from the pre-airport noise atmosphere. The FAA dismissed the report as
"highly theoretical" and not "relate[d] to actual conditions at the proposed airport site." FEIS at 9.28.

17. We note that the FAA now has the benefit of being able to perform actual noise monitoring as the
airport is in operation.
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Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Introduction to Project Contacts
Lead Federal Agency
– The Federal Aviation Administration (FAA)

Cooperating Agency
– Bureau of Land Management (BLM)

Project Sponsor
– San Juan County

Project Consultant Team
– BridgeNet International; Barnard Dunkelberg & 

Company; Synergy Consultants



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

What Is Scoping?
An Early and Open Process for Determining the Issues to be 
Addressed in the Supplemental EIS and Identifying the Issues 
Related to the Proposed Actions

It is an Important Part of the Supplemental EIS Process that 
Includes the:
– Public
– Interested Agencies
– Local Governments
– Tribes
– Airport Users

The Process Helps Identify Available Technical Information

It Includes Meetings, as well as Other Methods, to Allow the 
Easy Submittal of Comments, Concerns and Questions



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Purpose of Scoping
Scoping Provides the Opportunity to Receive Input From 
Interested and Potentially Affected Parties in Order to:
– Identify Issues and Concerns to be Analyzed in the Supplemental EIS

– Identify and Eliminate Issues That Are Not Relevant

– Set the Temporal and Geographic Boundaries of the Supplemental EIS

– Identify Available Technical Information 



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Scoping Process
STEP 1:  Project Identification and Definition

STEP 2:  FAA Issues Notice of Intent to Prepare a Supplemental 
EIS

STEP 3:  Agency and Public Scoping Meetings

STEP 4:  Scoping Comment Period (Ends September 30, 2010)

STEP 5:  Scoping Comments are Reviewed and Evaluated

STEP 6:  Supplemental EIS Study Plan is Developed

STEP 7:  Proceed with Supplemental EIS Analysis and 
Documentation



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Project Background
Halls Crossing Airport was located within the Glen Canyon 
National Recreation Area

Due to airport safety issues, an EIS was prepared to 
develop a replacement airport
– FAA issued a DEIS, FEIS, and ROD in 1990

BLM issued a land patent to transfer the airport land to 
San Juan County (later deemed invalid by the Court)

The National Parks Conservation Association (NPCA) 
brought suit against FAA and BLM



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Project Background (cont.)
Cal Black Memorial Airport (replacement airport) opened 
in 1992

In 1993, U.S. Court of Appeals remanded the EIS for 
further environmental analysis of aircraft noise impacts 
and the BLM’s plan amendment and transfer of land

FAA initiated project scoping for a Supplemental EIS
– Earlier scoping was conducted in 1995, 1997, 1998

In 2001, the FAA issued a Draft Supplemental EIS

In 2008, the BLM issued the Monticello Field Office Record 
of Decision and Approved Resource Management Plan



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Purpose of This Supplemental EIS
Address the findings of the U.S. Court of Appeals

Assessment of aircraft noise levels over noise sensitive 
National Recreation Area resources

Complete the land transfer process from BLM to San Juan 
County
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Airport Information
Single Runway and Taxiway – 5,700 feet in length

Facility includes a Fixed Base Operator (FBO) that provides 
fuel and other services

1,370 aircraft operations in 2009
– 1,138 single engine prop; 170 multi-engine prop; 20 jet; 62 

helicopter 

– Highest number of operations occurred in 1993 (3,096)
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Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Next Steps
Consider all Scoping Comments 
Finalize Scope of Services
Project Coordination and Information Collection
Conduct Assessments
Prepare Supplemental Draft Supplemental EIS Document
Publish Notice of Availability of Draft Supplemental EIS and 
Opportunity for a Public Hearing
Respond to and Incorporate Comments into Final 
Supplemental EIS
Issue a Record of Decision



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

Comments…We Want Your Input!
Oral Comments are Noted During Meetings

Written Comments, Questions, and Concerns are Accepted  
– At Meetings

– Via mail - Send To:
Mr. Kevin Luey
Federal Aviation Administration, Denver Airports District Office
26805 E. 68th Ave., Suite 224
Denver, CO  80249-6361 

– Via email - Send To:
Kevin.Luey@faa.gov

Please Submit all Scoping Comments by September 30, 2010



Cal Black Memorial Airport Supplemental EIS
Federal Aviation Administration

For Additional Information
Kevin Luey, Federal Aviation Administration
– Email: Kevin.Luey@faa.gov OR Phone:  303-342-1253

THANK YOU!
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Cal Black Memorial Airport 

Supplemental Environmental Impact Statement  
Public Meeting Notes 

September 22, 2010 Blanding, Utah 
 

NAME     AFFILIATION 

Attendees: 
Larry Sorrell Member of the Public 
Mel Leseberg Member of the Public 
Kristin Brownson FAA  
Patricia Deem FAA 
Maxine Deeter BLM 
Rick Bailey San Juan County  
Paul Dunholter  BridgeNet International  
Brad Rolf Barnard Dunkelberg & Company  
Kate Andrus Barnard Dunkelberg & Company 
 
Summary Notes 
 
Mr. Rolf began the Cal Black Memorial Airport Supplemental Environmental Impact Statement (SEIS) 
public scoping meeting by presenting the meeting agenda as follows: 
 

• Introduction  
• Scoping Process 
• Project Background 
• Purpose of the SEIS 
• Scoping Comments 
• Next Steps 

 
The meeting focused on presenting the general process of SEIS.  The meeting also strived to solicit 
scoping comments from interested parties to determine the scope of the analysis that will occur for the 
SEIS. 
 
Questions and Comments 
 
Question:  Does this have to do with building living quarters at the Airport?  
Answer:   No.  The SEIS’s focus is on the noise and the associated court order.  No additional projects 
are proposed.   
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Question:  Are you taking the previous EIS and doing it over? 
Answer:  No.  The Supplemental EIS will focus on the noise and the associated findings of the Court. 
 
Question:  What would be the greatest distance of noise monitoring? 
Answer:  Approximately 10-15 miles away in Forgotten Canyon. 
 
Question:  But the purpose is to examine just the airport impact. 
Answer:  Yes.  The noise impacts are examining the airport and any potential areas of natural quiet. 
 
Question:  How do you separate noise generated from Bullfrog Airport versus Cal Black Memorial 
Airport. 
Answer:  Monitors at each airport and logs of flights at each airport help correlate flight noise from the 
monitors. 
 
Question:  Do the monitors just pick up aircraft noise, or other noise as well? 
Answer:  The monitors can tell the difference between aircraft noise and other noise. 
 
Comment:  Speed boats out there are just as loud or louder than the aircraft in the area. 
 
Comment:  Bullfrog Airport should be shut down to consolidate aircraft operations. 
 
Question:  Any kind of survey of people within the park? 
Answer:  A survey was done during the last EIS and it is not anticipated that any additional survey work 
is needed. 
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September 30, 2010 
 
Mr. Kevin Luey, Project Manager,  
Federal Aviation Administration, Northwest Mountain Region, Airports Division, Denver 
Airports District Office, 26805 E. 68th Ave., Suite 224, Denver, CO 80249‐6361 or via E‐
mail at: Kevin.Luey@faa.gov. Telephone—(303) 342‐1253. 
 
CC: Thomas Heilein, Manager 
BLM Monticello Field Office 
Thomas_Heinlein@blm.gov 
 
 

Re. Supplemental Environmental Impact Statement (SEIS) for the Cal Black Memorial 
Airport at Halls Crossing, UT 

 
Dear Mr. Luey,  
 
The Southern Utah Wilderness Alliance (SUWA) advocates for permanent wilderness 
protection of the over 9 million acres of wild lands under the jurisdiction of the Bureau 
of Land Management.  The Cal Black Airport at Hall’s Crossing is surrounded by lands 
proposed for wilderness designation, as part of America’s Red Rock Wilderness Act, and 
spectacular land administered by the National Park Service (NPS).  
 
We appreciate the opportunity to comment on the FAA’s intent to prepare a 
Supplemental Environmental Impact Statement for this airport.  
 
SUWA’s concerns are based on the potential impact an airport can have on the quality 
of the experience of visitors to these wild lands, especially sound pollution.  The goals of 
the National Park Service include preserving the natural silence of the Glen Canyon 
National Recreation Area.  NPS has considerable experience in dealing with aircraft and 
aircraft noise in many other NPS locations. It is critical that the NPS should not only be 
included as a cooperating agency in this process, but that their metrics and monitoring 
policies, as well as proposed mitigation measures should be adopted. 
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SUWA’s is also concerned about the BLM’s disposal of the 370 acres on which the 
airport is now situated and the future potential of commercial air tours to base from the 
Cal Black Airport.  
 
The BLM’s 2008 Record of Decision of the Resource Management Plan identified for 
disposal 370 acres for the Cal Black airport.  However, the RMP does not identify with 
specificity the exact lands reported in the RMP as “identified for disposal” for the 
airport, other than the general township, range and section number.  RMP/ROD App. J.  
SUWA requests that the SEIS include the specific legal description of the 370 acres that 
BLM has identified for disposal of for the airport.  As a preliminary matter, SUWA would 
be opposed to disposal of any lands that BLM has identified as having wilderness 
character and/or that are included in America’s Red Rock Wilderness Act. 
 
In addition, although the airport was constructed prior to the issuance of the Monticello 
RMP/ROD, the ROD fails to provide any information on what arrangement BLM has with 
the County and/or airport operator.  Has the land in question been leased to San Juan 
County since construction?  If so what are the terms of that contract.  If there is some 
other arrangement between BLM and San Juan County for the use of the land on which 
the airport is situated, the SEIS must disclose this arrangement.  In addition, the SEIS 
must include an analysis of the impacts to transferring airport land from the BLM to San 
Juan County, an assessment of the costs and benefits of transferring the lands to San 
Juan County, and a detailed description of the type of transfer being proposed by the 
BLM.  
 
While the current traffic from the Cal Black Airport is low, that it is located in an area 
surrounded by unique and spectacular landscapes suggests the possibility that 
commercial companies will propose to base scenic air tour operations there. SUWA 
believes that an EIS is not the vehicle to address this possibility, but that any proposals 
for commercial air tours not be considered until an Air Tour Management Plan has been 
completed and approved.  
 
Thank you very much for your consideration of our concerns.  I look forward to receiving 
the Draft SEIS and to continued participation in this process. 
 
Sincerely, 
 
 
Brooke Williams 
Field Advocate 
435‐259‐4940 
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National Parks Conservation Association 
Protecting Our National Parks for Future GenerattOitS 

September 30, 2010 

Mr. Kevin Luey, Project Manager, 
Federal Aviation Administration, 
Northwest Mountain Region, Airports 
Division, Denver Airports District 
Office, 26805 E. 68th Ave., Suite 224, 
Denver, CO 80249-6361 

Dear Mr. Luey: 

We appreciate the opportunity to provide seeping comments on the 
Cal Black Memorial Airport at Halls Crossing, UT. Founded in 1919, the 
National Parks Conservation Association (NPCA) is America's leading 
advocate for the national parks. Our mission is to protect and enhance 
America's national park system for present and future generations. NPCA 
believes that our parks should be well funded, broadly and enthusiastically 
visited, respectfully experienced, and cherished for the national treasures that 
they are to all of us. To achieve our mission, NPCA conducts research, 
designs solutions, mobilizes diverse constituencies, and advocates for the 
parks before policy makers and the courts. NPCA has more than 315,000 
members, 164 staff members, and 24 regional and field offices throughout the 
country. 

NPCA feels it is important to acknowledge the National Park Service's 
authority to monitor impacts to resources on their lands. The NPS must have 
a central role in any environmental analysis of aircraft noise including 
soundscape monitoring, utilized metrics and assessment involving lands 
within their jurisdiction. Since flights in and out of Cal Black Memorial 
Airport impact Glen Canyon National Recreation Area, it is critical to include 
the NPS at the earliest stage for modeling, assessment and development of 
alternatives for the SEIS. 

Additionally, the Federal Aviation Administration (FAA) has erred in 
excluding the National Park Service as cooperating agency. They have 
ignored the directive outline in the Jan. 30, 2002 Memorandum from James 
Connaughton, Council on Environmental Quality (CEQ) Chair, which states 
"The purpose of this Memorandum is to ensure that all Federal agencies are 
actively considering designation of Federal and non-federal cooperating 
agencies in the preparation of analyses and documentation required by the 
National Environmental Policy Act (NEPA), and to ensure that Federal 

NPCA Headquarters 
1300 19th Street NW • Suite 300 • Washington, DC 20036 
202.223. NPCA(6722) • Fax 202.659.0650 • npca<rr npca.org • www.npca.org 



agencies actively participate as cooperating agencies in other agency's NEP A 
processes. The CEQ regulations addressing cooperating agencies status ( 40 
C.F.R. §§ 1501.6 &1508.5) implement the NEPA mandate that Federal 
agencies responsible for preparing NEP A analyses and documentation do so 
"in cooperation with State and local governments" and other agencies with 
jurisdiction by law or special expertise. (42 U.S.C. §§ 4331(a), 4332(2)). 

FAA must invite the National Park Service to act as a cooperating 
agency for the remainder of the SEIS including assessment of comments and 
recommendations from the scoping period and development of alternatives. In 
addition, the NPS should be given the opportunity to review the information 
previously provided to the other cooperating agencies, and then provide input 
on the analysis of effects and management recommendations pertaining to 
Glen Canyon NRA. 

s~jj;z-
Karen Hevel-Min~ 
Southwest Program Manager 

' 
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Public notice 
notice of PROJECT Scoping for 

cal black memorial airport 
Glen Canyon national recreation 

area, utah 
supplemental environmental 

impact statement 
AGENCY: Federal Aviation Adminis

tration (FAA), Department of Transporta
tion Bureau of Land Management (BLM), 
Department of Interior ACTION: Notice 
of Project Scoping. The FAA is initiating 
the preparation of a Supplemental Envi
ronmental Impact Statement (SEIS) for 
the Cal Black Memorial Airport at Halls 
Crossing, Utah. A Notice of Intent has 
been published in the Federal Register. 
The FAA will prepare a SEIS to address 
issues arising from the 1993 1Oth Circuit 
U.S. Court of Appeals Decision concern
ing the development of Cal Black Memo
rial Airport to replace Halls Crossing Air
port. This SEIS does not involve any new 
development or project at the airport. The 
Cal Black Memorial Airport opened in April 
1992. To ensure that all significant issues 
related to the action are identified, scoping 
comments are being requested from inter
ested parties. 

The purpose of the SEIS is to address 
the requirements of the U.S. Court of Ap
peals findings. The scope of the EIS will 
include: (1) the measurement of actual 
aircraft noise levels, (2) the evaluation of 
existing and future aircraft noise levels· 
and (3) if significant impacts are identified: 
the evaluation of alternative means of miti
gating the significant impact. In addition, 
the SEIS will review the transfer of land 
from BLM to San Juan County for airport 
purposes. 

A public seeping meeting will be held at 
6:00 PM MST on Wednesday, September 
22, 2010 in Blanding, Utah at the College 
of Eastern Utah San Juan Campus: 639 
West 100 South, Blanding Utah 84511 in 
the administrative conference room. In 
addition to the meeting, submission of 
written comments is strongly encouraged. 
Please submit written comments to: Mr. 
Kevin Luey, Project Manager, Federal Avi
ation Administration, Northwest Mountain 
Region, Airports Division, Denver Airports 
District Office, 26805 E. 68th Ave., Suite 
224, Denver, CO 80249-6361 or via E-mail 
at: Kevin.Luey@faa.gov. 

Published September 15 and 22, 2010 
in the San Juan Record, Monticello, Utah. 

AFFIDAVIT OF PUBLICATION 

I, William Webster Boyle, being duly sworn, depose and say that I am the 

publisher of The San Juan Rec~rd, a weekly newspaper of general 

circulation published at Monticello, Utah every Wednesday; that notice of 

project scoping, a copy of which is hereunto attached, was published in 

the regular and entire issue of each number of said newspaper for two 

issues, on September 15 and 22, 2010. Said notice was also published 

on Utahlegals.com through the same timeframe. 

&:~L 

Subscribed and sworn to before me this 

~~ 
day of 

A.D. 2010. ~~~~ Notary Pub 1c residing at Montie llo, Utah 
My commission expires January 15, 2011 . - ---.;;-.a Pubi1C-, 

IJ~A,_~I 
Q P.O. Box 1333 1 

• Ill Monbl!o, Utah 84531 
'.f) My Commlllion EllpkN ~ •• · ·' ~1112011 I 

• - ---li!ttUUittll- .. 



Affidavit of Publication 

STATE OF ARIZONA 

) ss. 

COUNTY OF COCONINO ) 

COPY OF NOTICE 

4352 

I, _ ____ S_u_e_S_h_in_n_e_m_a_n _______ , being duly sworn, depose and say that 1 am 

_______ P_u_b_l_is_h_e_r ______ _ of the Lake Powell Chronicle, a weekly newspaper of general 

circulation and published every Wednesday, at Page, Coconino County, Arizona. The notice attached hereto is a 

true copy of said notice and was published in the regular and entire issue of every number of the paper during the 

period and times of publication, and that the same was published in the newspaper proper and not in a supplement 

thereto. Said notice was published for ONE consecutive issues, the first publication having been made 

on SEPTEMBER 15,2010 , and the last on SEPTEMBER 15,2010 

Nuthorized Signa~re 

Subscribed and sworn to before me on, 

Notary Public 



Legal No. 4352 
NOTICE OF PROJECT SCOPING FOR 

CAL BLACK MEMORIAL AIRPORT 
GLEN CANYON NATIONAL RECREATION AREA, UTAH 

SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT 
AGENCY: Federal Aviation Admi nistration (FAA), Department of 
Transportation 
Bureau of Land Management (BLM), Department of Interior ACTION: 
Notice of Project Scoping. The FAA is initiating the preparation of a 
Supplemental Environmental Impact Statement (SEIS) for the Cal Black 
Memorial Airport at Halls Crossing, Utah. A Notice of Intent has been 
published in the Federal Register. The FAA will prepare a SEIS to 
address issues arising from the 1993 I Oth Circuit U.S. Court of Appeals 
Decision concerning the development of Cal Black Memorial Airport to 

replace Halls Crossing Airport. This SEIS does not involve any new 
development or project at the airport. The Cal Black Memorial Airport 
opened in April 1992. To ensure that all significant issues related to the 
action are identified, scopi ng comments are being requested from 
interested parties. 
Tbe purpose of the SEIS is to address the requirements of the U.S. 
Court of Appeals find ings. The scope of the EIS will include: ( I) the 
measurement of actual aircraft noise levels, (2) the evaluation of 
existing and future aircraft noise levels; and (3) if significant impacts 
are identified, the evaluation of a lternati ve means of mitigating the 
significant impact. In addition. the SEIS will review the transfer of land 
from BLM to San Juan County for airport purposes. 
A public scopi ng meeting will be held at 6:00PM MST on Wednesday, 
September 22, 2010 in Blanding. Utah at the College of Eastern Utah 
San Juan Campus: 639 West I 00 South, Blanding Utah 845 11 in the 
administrative conference. room. In addition to the meeting, submission 
of written comments is strongly encouraged. Please submit written 
comments to: Mr. Kevin Luey, Project Manager, Federal Aviation 
Administration, Northwest Mountain Region, Airports Division, Denver 
Airports District Office, 26805 E. 68th Ave., Suite 224, Denver. CO 
80249-6361 or via E-mail at: Kevi n.Luey@faa.gov. 
To be published in the Lake Powell Chronicle on September 15. 20 I 0. 
Legal No. 4352 · 
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Needs and Uses: The ICC Termination 
Act of 1995, Public Law 104–88, 109 
Stat. 803 (1995), which took effect on 
January 1, 1996, abolished the Interstate 
Commerce Commission and transferred 
to the STB the responsibility for the 
economic regulation of common carrier 
rail transportation, including the 
collection and administration of the 
Carload Waybill Sample. Under 49 CFR 
1244, a railroad terminating 4500 or 
more carloads, or terminating at least 
5% of the total revenue carloads that 
terminate in a particular state, in any of 
the three preceding years is required to 
file carload waybill sample information 
(Waybill Sample) for all line-haul 
revenue waybills terminating on its 
lines. The information in the Waybill 
Sample is used to monitor traffic flows 
and rate trends in the industry. The 
Board needs to collect information in 
the Waybill Compliance Survey— 
information on carloads of traffic 
terminated each year by U.S. railroads— 
in order to determine which railroads 
are required to file the Waybill Sample. 
In addition, information collected in the 
Waybill Compliance Survey, on a 
voluntary basis, about the total 
operating revenue of each railroad helps 
to determine whether respondents are 
subject to other statutory or regulatory 
requirements. Accurate determinations 
regarding the size of a railroad helps the 
Board minimize the reporting burden 
for smaller railroads. The Board has 
authority to collect this information 
under 49 U.S.C. 11144 and 11145 and 
under 49 CFR 1244.2. 
DATES: Comments on this information 
collection should be submitted by 
September 27, 2010. 
ADDRESSES: Written comments should 
be identified as ‘‘Paperwork Reduction 
Act Comments, Surface Transportation 
Board, Waybill Compliance Survey.’’ 
These comments should be directed to 
the Office of Management and Budget, 
Office of Information and Regulatory 
Affairs, Attention: Chandana Achanta, 
Surface Transportation Board Desk 
Officer, by fax at (202) 395–6974; by 
mail at Room 10235, 725 17th Street, 
NW., Washington, DC 20503; or by e- 
mail at 
OIRA_SUBMISSION@OMB.EOP.GOV. 
FOR FURTHER INFORMATION OR TO OBTAIN 
A COPY OF THE STB FORM, CONTACT: Paul 
Aguiar, (202) 245–0323 or at 
paul.aguiar@stb.dot.gov. [Assistance for 
the hearing impaired is available 
through the Federal Information Relay 
Service (FIRS) at 1–800–877–8339]. 
SUPPLEMENTARY INFORMATION: Under the 
PRA, a Federal agency conducting or 
sponsoring a collection of information 
must display a currently valid OMB 

control number. A collection of 
information, which is defined in 44 
U.S.C. 3502(3) and 5 CFR 1320.3(c), 
includes agency requirements that 
persons submit reports, keep records, or 
provide information to the agency, third 
parties, or the public. Under § 3506(b) of 
the PRA, Federal agencies are required 
to provide, concurrent with an agency’s 
submitting a collection to OMB for 
approval, a 30-day notice and comment 
period, through publication in the 
Federal Register, concerning each 
proposed collection of information, 
including each proposed extension of an 
existing collection of information. 

Dated: August 23, 2010. 
Andrea Pope-Matheson, 
Clearance Clerk. 
[FR Doc. 2010–21241 Filed 8–25–10; 8:45 am] 

BILLING CODE 4915–01–P 

DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

Notice of Intent To Prepare a 
Supplemental Environmental Impact 
Statement (SEIS) for the Cal Black 
Memorial Airport at Halls Crossing, UT 

AGENCY: Federal Aviation 
Administration (FAA), DOT. 
ACTION: Notice of Intent to Prepare a 
Supplemental Environmental Impact 
Statement. 

SUMMARY: The Northwest Mountain 
Region of the Federal Aviation 
Administration (FAA) as lead agency 
and the Bureau of Land Management 
(BLM) as a cooperating agency 
announce that the FAA will prepare a 
Supplemental Environmental Impact 
Statement (EIS) to address issues arising 
from the 1993 10th Circuit U.S. Court of 
Appeals Decision concerning the 
development of Cal Black Memorial 
Airport. This supplemental EIS does not 
involve any new development or project 
at the airport. The Cal Black Memorial 
Airport opened in April 1992. To ensure 
that all significant issues related to the 
action are identified, additional scoping 
comments are requested. 

Scoping Meeting: Scoping was 
conducted in 1990 concerning the 
development of this replacement airport 
and the transfer of land from the BLM 
to San Juan County. Subsequent to the 
1993 10th Circuit Court Decision, 
additional scoping was conducted in 
1995 and 1998. Additional scoping is 
being conducted prior to preparing the 
Supplemental EIS. A scoping meeting 
for agency representatives will be held 
at 2 p.m. MST and a scoping meeting for 
the general public will be held at 6 p.m. 

MST on Wednesday, September 22, 
2010. The meetings will be conducted 
in Blanding, Utah at the College of 
Eastern Utah San Juan Campus: 639 
West 100 South, Blanding, Utah 84511. 
FOR FURTHER INFORMATION CONTACT: Mr. 
Kevin Luey, Project Manager, Federal 
Aviation Administration, Northwest 
Mountain Region, Airports Division, 
Denver Airports District Office, 26805 E. 
68th Ave., Suite 224, Denver, CO 
80249–6361 or via E-mail at: 
Kevin.Luey@faa.gov. Telephone—(303) 
342–1253. 

Submit Written Comments, Send To: 
Mr. Kevin Luey, Project Manager, 
Federal Aviation Administration, 
Northwest Mountain Region, Airports 
Division, Denver Airports District 
Office, 26805 E. 68th Ave., Suite 224, 
Denver, CO 80249–6361 or via E-mail at: 
Kevin.Luey@faa.gov. 

To be considered, written comments 
must be received on or before 
September 30, 2010. 
SUPPLEMENTARY INFORMATION: Halls 
Crossing Airport was located within the 
boundary of the Glen Canyon National 
Recreation Area, a unit of the National 
Park Service (NPS). Due to safety issues 
with this airport, an EIS was undertaken 
concerning the development of a 
replacement airport. In 1990, the FAA 
issued a Draft and Final Environmental 
Impact Statement for the development 
of a replacement Airport. In August 
1990, the FAA issued a record of 
decision approving the development of 
Cal Black Memorial Airport. The FAA 
determined in the record of decision 
that the use of the BLM lands upon 
which the airport was built were 
reasonably necessary for the project. 
Accordingly, the BLM issued a Patent 
for the airport land to San Juan County 
on September 25, 1990. In reaching its 
approval, the FAA determined that no 
significant impacts would result from 
the new airport to the recreational 
experience of visitors to the recreational 
area. 

In 1990, the National Parks and 
Conservation Association (NPCA), et al 
brought suit against the FAA concerning 
the adequacy of the EIS and the 
adequacy of the BLM Plan Amendment 
and land transfer process. In its July 7, 
1993, decision, the U.S. Court of 
Appeals, 10th Circuit, remanded the EIS 
decision back to the FAA for further 
environmental analysis of aircraft noise 
impacts to the recreational use of public 
lands and the BLM’s plan amendment 
and transfer of land. 

On November 17, 2008 the BLM 
issued the Monticello Field Office 
Record of Decision and Approved 
Resource Management Plan. The 
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document provides guidance for the 
management of Federal lands 
administered by the BLM in San Juan 
County and a small portion of Grant 
County in south-east Utah and includes 
provisions for the disposal of the Cal 
Black Memorial Airport property. 

Thus, the purpose of the 
Supplemental Environmental Impact 
Statement is to address the requirements 
of the U.S. Court of Appeals findings. 
The scope of the EIS will include: (1) 
The measurement of actual aircraft 
noise levels, (2) the evaluation of 
existing and future aircraft noise levels; 
and (3) if significant impacts are 
identified, the evaluation of alternative 
means of mitigating the significant 
impact. In addition, the Supplemental 
EIS will review the transfer of land from 
BLM to San Juan County for airport 
purposes. 

Issued in Denver, CO on Tuesday, August 
17, 2010. 
John P. Bauer, 
Manager, Denver Airports District Office 
(Airports Division), Northwest Mountain 
Region. 
[FR Doc. 2010–21211 Filed 8–25–10; 8:45 am] 

BILLING CODE 4910–13–P 

DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

RTCA Program Management 
Committee 

AGENCY: Federal Aviation 
Administration (FAA), DOT. 
ACTION: Notice of RTCA Program 
Management Committee meeting. 

SUMMARY: The FAA is issuing this notice 
to advise the public of a meeting of the 
RTCA Program Management Committee. 
DATES: The meeting will be held 
September 15, 2010 from 8:30 a.m. to 
1:30 p.m. 
ADDRESSES: The meeting will be held at 
RTCA, Inc., 1828 L Street, NW., Suite 
805, Washington, DC 20036. 
FOR FURTHER INFORMATION CONTACT: 
RTCA Secretariat, 1828 L Street, NW., 
Suite 850, Washington, DC 20036; 
telephone (202) 833–9339; fax (202) 
833–9434; Web site http://www.rtca.org. 
SUPPLEMENTARY INFORMATION: Pursuant 
to section 10(a) (2) of the Federal 
Advisory Committee Act (Pub. L. 92– 
463, 5 U.S.C., Appendix 2), notice is 
hereby given for a RTCA Program 
Management Committee meeting. The 
agenda will include: 

• Opening Plenary (Welcome and 
Introductions). 

• Review/Approve Summary of June 
10, 2010 PMC meeting, RTCA Paper No. 
136–10/PMC–803. 

• Publication Consideration/ 
Approval. 

• Final Draft, Revised DO–315, 
Minimum Aviation System Performance 
Standards (MASPS) for Enhanced 
Vision Systems, Synthetic Vision 
Systems, Combined Vision Systems and 
Enhanced Flight Vision Systems, RTCA 
Paper No. 142–10/PMC–805, prepared 
by SC–213. 

• Integration And Coordination 
Committee (ICC)—Report. 

• ICC Review of RTCA Weather 
Information Data-Link Related 
Activities—Further Recommendations. 

• SC–206—Aeronautical Information 
Services (AIS) Data Link—Discussion— 
Recommendation—Revised Terms of 
Reference. 

• Action Item Review. 
• SC–186—Automatic Dependent 

Surveillance—Broadcast—Review/ 
Approve Revised Terms of Reference. 

• FAA Update on Airborne SWIM. 
• Discussion. 
• SC–213—Enhanced Flight Vision 

Systems/Synthetic Vision Systems, 
(EFVS/SVS)—Discussion—Revised 
Terms of Reference. 

• SC–216—Aeronautical Systems 
Security—Status and Briefing on Future 
Activities and Revised Terms of 
Reference. 

• SC–186/WG–51 Ad Hoc on ADS–B 
Application Standards Flow and the 
Role of Safety and Performance 
Requirements (SPRs). 

• Airport Security Access Control 
Systems—Discussion—Possible New 
Special Committee. 

• Trajectory Operations— 
Discussion—Status. 

• NextGen Advisory Committee— 
Discussion—Status. 

• Special Committees—Chairmen’s 
Reports. 

• Closing Plenary (Other Business, 
Document Production and PMC Meeting 
Schedule Meeting, Adjourned). 

Attendance is open to the interested 
public but limited to space availability. 
With the approval of the chairman, 
members of the public may present oral 
statements at the meeting. Persons 
wishing to present statements or obtain 
information should contact the person 
listed in the FOR FURTHER INFORMATION 
CONTACT section. 

Members of the public may present a 
written statement to the committee at 
any time. 

Issued in Washington, DC, on August 18, 
2010. 
Robert L. Bostiga, 
RTCA Advisory Committee. 
[FR Doc. 2010–21213 Filed 8–25–10; 8:45 am] 

BILLING CODE 4910–13–P 

DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

Seventy-First Meeting: RTCA Special 
Committee 147: Minimum Operational 
Performance Standards for Traffic 
Alert and Collision Avoidance Systems 
Airborne Equipment 

AGENCY: Federal Aviation 
Administration (FAA), DOT. 
ACTION: Notice of RTCA Special 
Committee 147: Minimum Operational 
Performance Standards for Traffic Alert 
and Collision Avoidance Systems 
Airborne Equipment meeting. 

SUMMARY: The FAA is issuing this notice 
to advise the public of a meeting of 
RTCA Special Committee 147: 
Minimum Operational Performance 
Standards for Traffic Alert and Collision 
Avoidance Systems Airborne 
Equipment. 
DATES: The meeting will be held 
September 28–30, 2010 from 9 a.m.–5 
p.m. SC–147 Plenary Session: 
September 28 & 29 Working Group 
Planning and organizational meetings 
September 30. 
ADDRESSES: The meeting will be held at 
RTCA, Inc., 1828 L Street, Suite 805, 
Washington, DC 20036. 
FOR FURTHER INFORMATION CONTACT: 
RTCA Secretariat, 1828 L Street, NW., 
Suite 805, Washington, DC 20036; 
telephone (202) 833–9339; fax (202) 
833–9434; Web site http://www.rtca.org. 
SUPPLEMENTARY INFORMATION: Pursuant 
to section 10(a)(2) of the Federal 
Advisory Committee Act (Pub. L. 92– 
463, 5 U.S.C., Appendix 2), notice is 
hereby given for a RTCA Special 
Committee 147: Minimum Operational 
Performance Standards for Traffic Alert 
and Collision Avoidance Systems 
Airborne Equipment meeting. The 
agenda will include: 

SC–147 Plenary Agenda: 
• Agenda Item 1. Opening Plenary 

Session 
• SC–147 Co-Chairmen’s opening 

remarks 
• Introductions—See attendance list 
• Approval of Agenda—Agenda was 

approved as written 
• Approval of Minutes from 70th 

meeting of SC147 
• Agenda Item 2. Revised Terms of 

Reference for SC147 
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MEMORANDUM OF AGREEMENT (MOA) 
BETWEEN THE 

FEDERAL AVIATION ADMINISTRATION (LEAD AGENCY) AND 
THE BUREAU OF LAND MANAGEMENT (COOPERATING AGENCY) 

FOR THE PREPARATION OF THE 
REVISED DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT 

STATEMENT (RDSEIS) FOR THE 
CAL BLACK MEMORIAL AIRPORT, 

HALLS CROSSING, UTAH 

The following understandings are agreed to by the Federal Aviation Administration (FAA), 
acting as the lead Federal agency, and Bureau of Land Management (BLM) acting as a 
cooperating Federal agency. 

This MOA describes the agencies' (signatories) respective responsibilities (consultation, 
preparation, and review of the ROSE IS) pursuant to the requirements of the National 
Environmental Policy Act (NEPA). 

The purposes of the ROSE IS are to respond to the U.S. Circuit Court of Appeals directives 
to the FAA to re-examine the noise impacts of the operation of Cal Black Memorial Airport 
upon Glen Canyon National Recreation Area (GCNRA) and to the BLM to comply with their 
NEPA responsibilities regarding the GCNRA resource management plan amendment and 
the land transfer for the airport to San Juan County, Utah. 

I. PURPOSE 

The purposes of this MOA are: 

(1) to designate the BLM as a cooperating agency in the limited preparation of 
portions of the Cal Black Memorial Airport revised draft supplemental environmental 
impact statement, 

(2) to define each signatory's role, obligations, and jurisdictional authority 
regarding the EIS, 

(3) to prepare the EIS that will enable each signatory to properly address 
potential project related environmental impacts under their respective 
purview and for which they have expertise, and 

(4) to provide a framework for cooperation and coordination among the 
signatories to facilitate completion of the NEPA process including 
issuance of required Records of Decision, and fulfillment of other environmental 
responsibilities each signatory may have. 
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II. REGULATORY CRITERIA 

Under the policies, directives, plans, and operations of the FAA, and under NEPA [42 
U.S. C. 4371 et seq.] the FAA, as lead Federal agency, has the responsibility to designate 
those portions of the EIS upon which each cooperating agency will focus its evaluation of 
environmental issues. The resource designations will be based upon legal jurisdiction or 
expertise of the cooperating agency, and will not limit that agency's ability to comment on 
other environmental resources or aspects of the EIS. 

Following the directives of NEPA, the signatories to this MOA shall cooperate fully and 
share information and technical expertise to evaluate the potential environmental effects of 
the proposed action and its alternatives. Each signatory shall give full recognition and 
respect to the authority, expertise, and responsibility of the others. Participation in this MOA 
does not imply endorsement of the proposed project, nor does it abridge the independent 
review of the Revised Draft and Final SEIS by the signatory agencies. The signatories 
acknowledge that the FAA, as lead agency, has the responsibility for the content of the 
Revised Draft and Final EIS and its conclusions. 

Ill. PROCEDURES 

1. The FAA is the lead Federal agency for this project. It is ultimately responsible for 
preparing the Revised Draft and Final EIS's and for assuring compliance with the 
requirements of NEPA. Although the FAA agrees to give respect and recognition to the 
jurisdiction of the cooperating agencies, the FAA is responsible for considering impacts to 
the quality of the human environment associated with the proposed project. FAA cannot 
delegate its core NEPA responsibilities to the cooperating agencies. In meeting these 
responsibilities, the FAA will use the environmental analyses, proposals, and expertise of 
the cooperating agency to the extent possible consistent with its responsibilities, and as the 
lead agency, will retain ultimate responsibility for the EIS's content [see 40 CFR, 
1501.6(a)(2) and Council on Environmental Quality's (CEQ) 40 Questions, No. 14b.]. This 
includes defining the issues, determining purpose and need of the project, selecting or 
approving alternatives and mitigation measures, reviewing and requiring modification of the 
EIS, responding to comments on the RDSEIS, and retaining responsibility for the 
conclusions of its environmental analysis. 

2. The FAA's goal is to prepare an EIS that contains sufficient information for each signatory 
to fulfill their NEPA responsibilities and make independent decisions on resources and 
issues under their purview. As such, the cooperating agency is to: 

(1) Participate in the NEPA process at the earliest appropriate time, 

(2) to the extent possible, make staff support available to review and comment upon 
draft working papers and draft EIS chapters in a timely manner, 

(3) exchange relevant information throughout the EIS process, 

(4) submit independent recommendations, and 
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(5) assist the FAA in developing responses to "cooperating agency specific" 
comments received on the Revised Draft and Final EIS. 

The BLM will be responsible for the actual preparation of portions of the RDSEIS that 
address BLM NEPA requirements related to BLM actions. BLM may provide comments to 
the FAA on their respective resource sections. 

3. As appropriate, and to enhance the effectiveness of this MOA, the FAA will work with the 
BLM to ensure access to FAA expertise, data, information, analyses, and comments 
received. 

4. Within 14 calendar days of signing this MOA, each signatory will identify a designated 
Point of Contact (POC) for coordination and consistency on the project. It is anticipated that 
this project may present some complex issues. The agencies realize that this will be a 
commitment of resources and will make every effort to maintain the same POC through the 
duration of the NEPA process. If reassignment of the POC becomes necessary the agency 
will notify the MOU signatories of said change. In such cases, previous official written 
agreements and positions will not be revisited, unless there is significant new information or 
significant changes to the project, the environment, or laws and regulations. 

5. The signatories will ensure appropriate coordination, communication, project updates 
and status reviews occur, as needed, to keep each other current on the project's progress. 

6. The FAA will appropriately incorporate the comments, analyses, recommendations, 
and/or data submitted by the BLM in the Revised Draft and Final EIS, and will utilize a 
systematic, interdisciplinary approach that will ensure the consideration of the submitted 
material. 

7. The FAA will inform the BLM of all schedule changes that would affect an agency's ability 
to provide timely review of the document. Adequate time will be given for agency reviews. 

8. The BLM will keep confidential and protect from public disclosure any and all documents 
received prior to determination by the FAA of suitability for public review or release under 
the directives of the Freedom of Information Act. 

9. The BLM agrees not to employ the services of any representative or party having a 
financial interest in the outcome of the proposed project. The BLM will take all necessary 
steps to ensure that no conflict of interest exists with its consultants, counsel, or 
representatives employed in this undertaking. [40 CFR §1506.5(c)] If disclosure statements 
are obtained as a result of contractor or other selection regarding this action, copies of the 
disclosure statements will be forwarded to the FAA for inclusion in the Administrative 
Record. 
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IV. RESOURCE DESIGNATIONS 

1. Based on BLM jurisdictions by law and/or special expertise, the FAA, pursuant to its lead 
agency responsibilities [CEQ 1501.6 (b)(3)], requests that the BLM focus its efforts on those 
portions of the Revised Draft and Final EIS requiring additional text and information, and 
review and comment on issues pertaining to the BLM land transfer to San Juan County. 

V. ADMINISTRATION 

1. Nothing in this MOA will be construed as affecting the authority of any signatory. 

2. This MOA does not obligate the FAA to provide funding for BLM involvement in this 
effort, nor does it require the signatory agencies to obligate or expend funds in excess of 
available appropriations. 

3. If a disagreement should develop between the agencies, the POC's will expeditiously 
attempt to resolve the disagreement through consensus. If timely amicable resolution is not 
achieved at the POC level, the matter shall be promptly referred to mid-level management 
of these agencies for their participation in the resolution process. In the event that mid-level 
managers are unable to reach a satisfactory solution, the matter will be referred to the 
persons whose signature appears in Section VI of this MOA, who will be asked by the FAA 
to convene a meeting or a conference call to reach a satisfactory resolution. 

4. This MOA shall be terminated when the FAA issues a Record of Decision or for reasons 
of good cause upon 30 days prior written notice. 

5. Any signatory may request re-negotiation or modification of this MOA at any time. All 
signatories will consider the proposed changes, and upon mutual agreement, adopt the 
proposed changes. The signatory that proposed the change shall provide copies of the 
adopted revised MOA to the other signatories. 

6. This MOA shall be incorporated into or referenced in the Revised Draft and Final EIS's 
for public review so that each signatory's respective roles may be understood. 

VI. AGREEMENT TO PARTICIPATE IN THIS MOA 

Lowell H. Johnson, Airports Division Manager 
Federal Aviation Administration 
Northwest Mountain Region 

Sandra Meyers Field Ma 
Bureau of Land Manage 
Monticello Field Office 
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·• . Memorandum of Understanding . 
Cal Black Memorial Airport- Supplemental Environmental Impact Statement 

· MEMORANDUM OF UNDERSTANDING 

BETWEEN 

THE UNITED STATES FEDERAL AVIATION ADMINISTRATION 

AND 

THE UNITED STATES DEPARTMENT OF THE INTERIOR-

NATIONAL PARK SERVICE 

1. INTRODUCTION AND PURPOSE . . 

This Memorandum of Understanding (MOU) between the Federal Aviation Administration, 
Northwest Mountain Region ("FAA") and the National Park Service ("NPS"), collectively 
known as the Parties, provides the framework and defines the responsibilities of the Parties 
in the preparation of a Supplemental Environmental Impact Statement (SEIS} for Cal Black 
Memorial Airport pursuant to the National Environmental Poli.cy Act of 1 969 (NEPA) 42 
U.S.C 4321-4347, as amended,.and the Council on Environmental Quality Regulations 
§1501.5 and §1501.6. 

2. BACKGROUND 

The FAA issued a final EIS in May 1990 and a Record of Decision (ROD) in August 1990 
for a replacement airport for Halls Crossing Airport in ·Utah. In September 1 990, the Bureau 
of Land Management (BLM) issued a patent for 370.42 acres of-land to San Juan County, 
Utah for the development of this replacement airport. On October 8, 1990, the National 
Parks and Conservations Association (NPCA) et al filed a petition challenging the adequacy 
of the EIS and the process surrounding the land transfer. Subsequent to the filing of the 
petitiqn, an airport was constructed on the BLM land and was named Cal Black Memorial 
Airport. On July 7, 1993, the Tenth Circuit reversed the BLM's lahd use plan amendment . 
and transfer of land .. The Tenth Circuit also reversed the FAA's determination of no 
significant impact and remanded the matter to the FAA to "Ire-analyze the impact of the 
airport under Section 4(f) and Section 2208 (of the Airport and Airways Improvement Act)" 
The Court stated ·that the FAA may make use of studies not utilized in the current EIS and 
directed that if the FAA found significant impacts then Section 4(f) and Section 2208 would 
require that all reasonable steps be taken to mitigate the damage or adverse impact. The 
SEIS subject to this MOU deals solely with addressing the remand from the Tenth Circuit 
including any requirements that the BLM has in order to finalize their land transfer to San 
Juan County, Utah. 
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Memorandum of Understanding 
Cal B lack .Memorial Airport- Supplemental Environmental Impact Statement 

3. AUTHORITY. 

The FAA has statutory authority to promote and develop a safe and effiCient nation-wide 
system of airport's adequate to meet the current and projected growth in aviation (49 U.S.C. 
47.101). In carrying out its statutory responsibilities, the FAA is responsible for ensuring that 
its actions are in compliance with NEPA. The FAA's Airports Program is responsible for 
analyzing the environmental consequenc~s of a proposed Federal action involving airports. 

· As the le~d Federal Agency, the FAA is responsible for supervision of preparation of the 
EIS (40 CFR 1T1501.5(a)), and for granting a request by an agency with special expertise to 
participate in the SEIS as a Cooperating Agency·(40 CFR 'fl1501 .6). 

The NPS authorities include the Nationa·l Park Service Organic Act (16 U.S. C. 12 3, and 4), 
Act of Au~. 25 1916 (39 Stat. 535) and amendments thereto. · 

4. DEFINITION OF TERMS AND RULES OF INTERPRETATION. 

a. Nothing in this MOU is intended to conflict with current law or regulations. If a term 
of this MOU is inconsistent with such authority, then that term shall be stricken and 
the remaining terms and conditions of this MOU shall remain in f.ull force and effect . 

. Nothing in this MOU shall contradict NEPA, the CEQ regulations, FAA Orders 
5050.48 and 1050.1E, or NPS-12. 

b. If any word or combinations of words used in this MOU are specifically defined in the 
CEQ Regulations, the CEQ Regulations definition shall apply. This includes, but is 
not limited to: major federal action, human environment, Lead Federal Agency, 
Cooperating Agency, and special expertise. 

5. FAA RESPONSIBILITIES. Th~ FAA, as Lead Agency, shall: 

a. Retain full resp.onsibllity for the content and findings of the Draft Supplemental 
Environmental Impact Statement (draft SEJS), including the determination of 
purpose and need, the range of reasonable alternatives, the extent of the analysis to 
be undertaken, and what mitigation measures, if any, are necessary, and the 
content and findings of the Final Supplemental Environmental Impact Statement 
(final SEIS). This does not preclude the right of NPS or other Cooperating Agencies 
as may be identified to comment and submit the.ir independent recommendations to 
the FAA in these areas, and for their comments and recommendations to be 
incorporated into the draft SEIS and final SEIS 

b. Use the environmental analysis, and proposals of cooperating agencies with 
jurisdiction by law or special expertise, to the maximum extent possible consistent 
w~th its responsibility as lead agency. 
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Memorandum of Understanding . 
Cal Black Memorial Airport- Supplemental Erwironmentallmpact Statement 

c. Request that the NPS review the preiiminary draft SEIS, draft SEIS, and final SEIS 
and provide comments related to their jurisdiction and expertise. · 

d. Provide copies of all documents necessary for SEIS review including technic~! 
reports concerning areas of NPS expertise. · 

e. Develop response to comments regarding the FAA's special expertise, jurisdiction 
and role as lead agency. · 

f. Revise, as appropriate, the draft SEIS and/or the final SEIS in response to 
comments/concerns/issues related to NPS' special expertise identified by the NPS 
as a cooperating agency. 

g. Arrange and hold public workshops, information meeti11gs, and public hearings for. 
the SEIS processes after consulting with the NPS, BLM, and other state or Federal 
agencies with a regulatory role. 

h. Ensure that the draft SEIS .and f inal SEIS cover pages identify the NPS as a 
Cooperating Agency and that the introduction section of the documents briefly 

. describes the NPS's role and auth~rities as a Cooperating Agency. 

6. NPS RESPONSIBILITIES. The NPS, as Cooperating Agency, shall: . 

a. Share information and technical expertise in order to evalua'te the potentia·! impacts 
of the project. · 

' . 
b. Restrict its comments and conclusions on the preliminary draft SEIS, draft SEIS, 

· and final SEIS to matters within 'the scope of their jurisdiction, expertise, and 
authority,. · 

. . . 
c. Assist in developing responses to the comments received on the draft SEIS and 

FEIS that pertain to their area of expertise 

d. Review the technical and scientific data supplied by the FAA. 

e. Prepare and submit to the FAA their written comments within 45 days of receipt of 
· technical reports. 

f . Provide FAA with timely identification of significant issues for inclusion in the draft 
SEIS and final SEIS. 

g. Obtain approval of the FAA for any direct contact between the consultant and the 
NPS. The FAA directs th~ actions of the third-party consultant preparing the SEIS. 
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Memorandum of Understanding 
Cal Black Memorial Airport- Supplemental Environmental Impact Statement 

7. COMMITMENT TO COOPERATE. The Parties agree to participate in this SEIS 
in good faith and make every effort to resolve any perceived areas of conflict, to fully 
explore issues before coming to conclusions, and to commit to searching for . 
opportunities for resolution designed to contr.ibute to an efficient and accurate SEIS. 

8. CONFIDENTIALITY OF INFORMATION. 

a. The FAA and the NPS agree to .the need for independent suitability determinations 
according to federal laws, regulations and policies ·applying to the respective agencies. 
The FAA therefore agrees to keep confidential and protect from public disclosure any 

·and all NPS documents rece.ived prior to determination of suitability for public review by 
the NPS, subject to the directives of the Freedom ·of Information Act and Privacy Act.. 
The NPS also therefore agrees to keep confidential and protect from public disclosure 
any and all FAA documents ·received prior to determinatio"n of suitability for public 
review by the FAA, subject to the Freedom of Information Act and Privacy Act. The 
Parties f~:Jrther agree to consult with each other prior to public. release of documentation 
considered deliberative or otherwise confidential. · 

b. The Parties shall inform all persons within FAA ~nd the· NPS working on SEIS
related docurt:Jentation. of the confidentia li~y requirements noted in item 8.a, above, so 
as to preclude public release of the documentation before a determination of suitability 
for public release has been made. 

9. SCOPE. Nothing in the MOU shall be construed as limiting or affecting the 
authority or li~gal . responsibility of the FAA or the NPS, or as-binding any party to 
perform beyond their respective authority. No rights or privileges are creat~d or 
intended to be created by this MOU in anyone not a signatory of this MOU. 

1 o~ NO TRANSFER OF APP.ROPRIATED FUNDS. The Parties agree that this 
MOU requires no transfer ~f appropriated·funds and that any obligati~ns contained 
herein are subject to appropriations by Congress. 

11. EFFECTIVE DATE. This MOU will be dated and shall become effective upon the 
date of final signature and will remain effective unless modified or terminated as provided 
for elsewhere in this MOU. · 

12. PERIODIC REVIEW. The Points of Contact listed in Appendix A shall meet in 
person or by telephone at least every 180 days to evaluate the effectiveness of the MOU 
and determine the need for modification, continuation, or termination. The Parties shall 
keep Appendix A up to date. ·Updates to Appendix A do not require a written agreement 
executed by the Parties. · · 
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Memorandum of Understanding . 
Cal Black Memorial Airport - Supplemental Environmental Impact Statement 

13. CONFLICT RESOLUTION. The lead and cooperating agencies will work together 
to reach consensus on the SEIS analysis and mitigation and tq resolve any differences. 
Final decisions by the lead agency will only be made after an earnest attempt to gain 
consensus: 

14. MODIFICATION. This MOU represents the entire agreement and may be 
modified only upon· the mutual written consent of the parties. 

15. TERMINATION. Any of the Parties to this MOU may withdraw from the terms of 
this MOU for good cause upon 30 days written notice to the other Parties. During this 
period, the Parties will actively attempt to resolve any disagreement. . If no Party 
withdraws from this MOU then the MOU will .terminate automatically upon FAA's 
issuance of its Record of Decision (ROD). If proposed implementation or mitigation 
requires further involvement of the NPS, a new MOU will be negot iated specific to that 
involvement or this MOU will be amended and extended, subject to agreement of both 
parties. · · 

Av6.a?~ f/ Zo/-( 

Date 

~$@fo ~w A~f-ls; ~tJ/( 
Tammy ington Date 
Associate Regional Director Resources-Science Advisor 
Intermountain Region · 
National Park Service 
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Memorandum of Understanding 
Cal Black Memorial Airport- Supplemental Environmental Impact Statement 

APPENDIX A - POINTS OF CONTACT 

Federal Aviation Administration 

Janell Barrilleaux 
Environmental Program Manager 
FAA Northwest Mountain Regions Airports Division Office 
Janeii.Barrilleaux@faa.gov 
(425)227-2611 

National Park Service 

Tammy Whittington 
Associate Regional Director Resources-Science Advisor 
Intermountain Region 
Tammy whittington@nps.gov 
(303) 969-2073 
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United States Department of the Interior 

IN REPLY REFER TO: 
IMR-NR-CaiBlack 

NATIONAL PARK SERVICE 
INTERMOUNTAIN REGION 
12795 West Alameda Parkway 

P.O. Box 25287 
Denver, Colorado 80225-0287 

SEP 2 it 2014 

VIA ELECTRONIC COPY ONLY- NO HARD COPY TO FOLLOW 

Janell Barrilleaux 
Environmental Program Manager 
FAA Northwest Mountain Region Airports Division 
1601 Lind Ave. SW, Ste. 315 
Renton, W A 98057 

Dear Ms. Barrilleaux: 

The National Park Service (NPS) has reviewed the Federal Aviation Administration's (FAA's) 
Draft Supplemental Environmental Impact Statement (SEIS) of August 2014. We appreciate the 
FAA's review of our extensive comments on the April2013 Main Noise Analysis submitted 
October 2013. We have noted that the majority of our comments were addressed and 
incorporated in a new version of the Main Noise Analysis. 

You will find our detailed comments in the comment matrix (attached). NPS staffhave 
recommended edits, deletions and clarifications to strengthen the SEIS. As discussed via a 
phone call between you and Theresa Ely, all Section 4(f) reviews with the Department of Interior 
require a response through the Office of Environmental Policy and Compliance (OEPC). Thus, 
in addition to this response directly from NPS you will be receiving a response from the OEPC. 

We appreciate our collaborative relationship, the FAA's consideration of our comments and the 
opportunity to work producti_vely together as cooperating agencies. Thank you. 

Tammy Whittington 
Associate Regional Director, Resource Stewardship and Science 

Attachment 
cc: Todd Brindle, Superintendent, Glen Canyon National Recreation Area 

Teresa Tucker, Planning Chief, Glen Canyon National Recreation Area 
Melissa Trenchik, Environmental Compliance Officer, Intermountain Region 



Patrick Malone, Assistant Regional Director, Natural Resources, Intermountain Region 
David Vana-Miller, Resource Stewardship Program Manager, Intermountain Region 
Theresa Ely, Soundscape and Night Sky Coordinator, Intermountain Region 
Randy Stanley, Physical Scientist, Intermountain Region 
Vicki Ward, Overflights Branch Chief, Natural Sounds & Night Skies Division 



United States Department of the Interior 
OFFICE O F THE SECRETARY 

ER 14/0485 

Ms. Janel! Barrilleaux 
U.S. Department of Transportation 
Federal Aviation Administration 
1601 Lind Avenue, SW, Suite 315 
Renton, W A 98057 

Dear Ms. Bru:rilleaux: 

Washington, DC 20240 

OCT - 9. 2014 
TAKE PRIDE~ 
IN AMERICA 

9043.1 
PEPINRM 

The Department of the Interior (Department) has reviewed the Department of Transpmtation, 
federal Aviation Administration Draft Supplemental Environmental Impact Statement and 
Section4(f) Evaluation for the Cal Black Memorial Airport, Halls Crossing, San Juan County, 
Utah. We offer the following comments regarding the Section 4(f) Evaluation. 

SECTION 4(f) EVALUATION COMMENTS 

The Section 4(f) Evaluation indicates that there are four properties eligible for consideration 
under Section 4(f) and that this project will not result in constructive use to these 
prope11ies. After careful evaluation, the Department concurs that there will be no constructive 
use to these Section 4(f) properties because the quality, enjoyment~ integrity, characteristics, and 
inherent values of these properties will not be substantially diminished by tbe increases or 
changes to noise resulting from overflights of these areas by aircraft using tbe Cal Black 
Memorial Airport. 

Furthermore. the Department concurs that there is no feasible and prudent alternative to the 
selected action and that all measures have been taken to minimize harm to these resources. 

We appreciate the opportunity to review this document. Should you have questions regarding 
th~J;e comments, please contact David Hurd, National Park Service, at 303-987-6705, or email 
ct~vjft .. JJUrd@nps.gov. 

Willie R. Taylor 
Director, Office ofEnvironmental Policy 

aBtf-€ompliance 



cc: 
SHPO UT Cory Jensen (coryjensen@utah.gov) 
Tammy Whittington (tammy_whittington@nps.gov) 
Melissa Trenchik (melissa_ trenchik@nps.gov) 
Todd Brindle (todd_ brindle@nps.gov) 
Leah McGinnis (leah_mcginnis@pps.gov) 
Teresa Tucker (teri_tucker@pps.gov) 
Sandra Borthwick (sandy_ borthwick@nps.gov) 
Randy Stanley (randy_stanley@nps.gov)e 
Thersa Ely (theresa_ely@nps.gov) 



United States Department of the Interior 

BUREAU OF LAND MANAGEMENT 
Monticello Field Office 

P.O. Box 7 
Monticello, UT 84535 

http://www. blm. gov /utah/monticello 

IN REPLY REFER TO: 
(UTY-020) 

Ms. Janell Barrilleaux 
U.S. Department ofTransportation 
Federal Aviation Administration 
1601 Lind Avenue, SW, Suite 315 
Renton, W A 98057 

Dear Ms. Barrilleaux: 

OCT 2 4 20U 

The Bureau of Land Management Monticello Field Office has reviewed the Department of 
Transportation, Federal Aviation Administration Draft Supplemental Environmental Impact 
Statement for the Cal Black Memorial Airport, Halls Crossing, San Juan County, Utah. 

The BLM has no additional comments other that the one comment submitted on Paleontological 
Resources. We appreciate the opportunity to review this document. Should you have questions 
regarding our review, please contact Brian Quigley, Assistant Field Office Manager, Bureau of 
Land Management at 435-587-1503, or email bquigley_blm.gov. 

'ft;~cf cLUJJL 
Donald Hoffheins r 71/l:::::.. 
Field Manager 
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EXISTING AND FUTURE AIRPORT 

CONDITIONS 

This Appendix, Existing and Future Airport Conditions, provides background on historical, current, and 
forecast aviation activity at airports located within Glen Canyon National Recreation Area (GCNRA) or 
immediate vicinity associated with the court remand.  
 

E.E.E.E.1111    Airports in Airports in Airports in Airports in and near and near and near and near Glen Canyon National RecGlen Canyon National RecGlen Canyon National RecGlen Canyon National Recreation Area (GCNRA)reation Area (GCNRA)reation Area (GCNRA)reation Area (GCNRA) 
 

As noted in Chapter I of this Draft Supplemental EIS, three airports were considered in the 1990 EIS: the 
airport to be replaced (the now closed Halls Crossing Airport), the new/replacement airport (Cal Black 
Memorial Airport), and Bull Frog Basin Airport (see Figure 1-1 in Chapter I of the Draft Supplemental EIS).  
To provide background on past and existing aviation activity in the area, Halls Crossing Airport, Bullfrog 
Basin Airport, and Cal Black Memorial Airport are discussed below. 
 

E.1.1 Halls Crossing Airport (Closed)  

 
Halls Crossing Airport was located on the east shore of Lake Powell in GCNRA.  The airport had one public 
use dirt runway (Runway 16/34) that was 3,687 feet long and 65 feet wide, with no runway safety areas 
and no landside facilities.  Immediately south of the airstrip was a 200 foot sandstone bluff, which prevented 
sufficient clear zones for aircraft landing and taking-off.  The majority of operations used Runway 16, 
arriving from the north and departing to the south approximately 70% of the time.  
 
According to the 1990 Final EIS, the National Park Service (NPS) administrative use of the Halls Crossing 
airstrip was estimated at 600 operations per year.  The concessionaire (ARA Leisure Services) used a 
similar number of aircraft operations at the airport.  
 
Due to non-compliance with FAA standards and constrained conditions for future improvements, the Halls 
Crossing Airport was closed in 1992 with the commissioning of Cal Black Memorial Airport. 
 

E.1.2 Bullfrog Basin Airport 
 
Bullfrog Basin Airport, owned and operated by the NPS, is located in GCNRA just eight miles west of Halls 
Crossing Airport. The airport is not federally obligated. It is situated at an elevation of approximately 4,167 
feet above mean sea level, covers 42 acres, and is located five miles north of Lake Powell and the Bullfrog 
Marina.  The primary users at Bullfrog Basin Airport are small single-engine piston aircraft, often used by 
the NPS.  Current estimates by the Utah Department of Aviation indicated that less than 350 annual 
operations occur at Bull Frog and all indications are that the NPS will continue to operate Bull Frog Airport 
and those operations will not be transferred to Cal Black Memorial Airport. There are no landside facilities 
and, while the airport is maintained by the NPS, there is no record of operations at Bullfrog Basin Airport. 
 
There is one runway at Bullfrog Basin Airport, Runway 1/19, that is 3,500 feet long.  The majority of 
operations use Runway 19, arriving from the north and departing to the south approximately 90% of the 
time.  The remaining 10% of the time aircraft use Runway 1, arriving from the south and departing to the 
north.  There are no landside facilities. 
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In 2010, there were 1,620 operations at Bullfrog Airport, an average of four operations per day (2 arrivals 
and 2 departures) over the year.1  Approximately 83% of the operations are by single engine piston aircraft.  
The remaining 17% of the operations are by multi-engine piston aircraft, helicopter, and jet, in that order.  
All of the operations at Bullfrog occur during daytime hours. 
 

E.1.3 Cal Black Memorial Airport  

 
Cal Black Memorial Airport is located outside of GCNRA.  It has an elevation of approximately 4,388 feet 
above mean sea level and contains approximately 382 acres.  It is classified as a General Aviation service 
airport, with a role in the national airspace system of serving Basic Utility type aircraft (small aircraft under 
12,500 lbs), with an Airport Reference Code (ARC) of B-II.  The Airport currently operates with one runway, 
a connector taxiway system, a fuel farm, FBO facility, and an aircraft-parking apron.  Figure E-1 shows the 
existing airport facilities. 
 
Cal Black Memorial Airport is developed around a single runway, Runway 01/19, which is 5,700 feet in 
length and 60 feet in width.  The taxiway system is 25 feet wide, connects to the aircraft-parking apron 
located in the northwest quadrant of the Airport, and includes four connector taxiways to the runway. 
 
The Airport is presently served by one Fixed Base Operator (FBO), which provides the aircraft fueling 
service at the Airport. Currently, due to the lawsuit involving the original 1990 Final EIS and the associated 
unresolved transfer of airport property from the BLM to San Juan County, the construction of aircraft storage 
facilities at the Airport is prohibited.  According to the County and FBO personnel, there is latent demand 
for hangars primarily for seasonal storage of aircraft from late spring to early fall.  As of 2001, the NPS was 
a major user of Cal Black Memorial Airport. 
 
Today, Cal Black Memorial Airport is located on property owned by BLM and is operated by San Juan 
County through an agreement between the County and BLM.  The airport is federally obligated. The day-
to-day operation of the Airport is the responsibility of a Fixed Base Operator (FBO)/manager at the Airport.  
The San Juan County Commission is responsible for the operational and development needs of the Airport, 
as well as the compliance with all federal and state regulations, which pertain to the operation of the Airport. 
 
In 2009, there were 1,370 operations at Cal Black Memorial Airport.  Approximately 1,138 of the operations 
are by single engine piston aircraft, which amounts to 83%.2  The remaining 17% of the operations are by 
multi-engine piston aircraft, helicopter, and jet, in that order.   
 

                                                           
1  Cal Black Memorial Airport Noise Analysis Report (2013). 
2  Cal Black Memorial Airport Aviation Forecast Planning Memorandum (2010). 
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E.E.E.E.2222    Aviation Activity at AirportsAviation Activity at AirportsAviation Activity at AirportsAviation Activity at Airports    In or Adjacent to GCNRAIn or Adjacent to GCNRAIn or Adjacent to GCNRAIn or Adjacent to GCNRA 

 

E.2.1 Historical Aviation Activity 
 
Part of the purpose and need for the 1990 Final EIS for the replacement airport at Halls Crossing was to 
address increasing demand for aircraft services in the GCNRA area.  According to the forecast in the 1990 
Final EIS, the FAA predicted 10,400 aircraft operations in the Halls Crossing/Bullfrog Basin area in 1990, 
and approximately 15,600 aircraft operations in 1995.   
 
Over twenty years later, records show that the forecasts in the 1990 Final EIS were much higher than has 
actually occurred.  While the 1990 Final EIS forecast predicted 24,100 operations in 2005, only about 2,000 
operations actually occurred.  A tabulation of detailed historical aviation activity at Halls Crossing Airport/Cal 
Black Memorial Airport and Bullfrog Basin Airport is presented in Table E-1.  Both Cal Black Memorial 
Airport and Bullfrog Basin Airport are included in the analysis of aviation activity because operations at both 
airports are factored into the noise analysis in subsequent sections of this document.  Overall, operations 
at both Cal Black Memorial Airport and Bullfrog Basin Airport are on a downward trend as shown below.  
Note that Cal Black Memorial Airport had fewer aircraft operations in 2009 than Halls Crossing Airport had 
in 1987. 
 

E.2.2 Data Collection for Existing and Forecast Aviation Activity  
 

The forecasting of future aviation activity in terms of aircraft operations at Cal Black Memorial Airport and 
Bullfrog Basin Airport serves as a basis for analyzing existing and future noise impacts to the surrounding 
area, particularly noise impacts on GCNRA.  Forecasting, by its very nature, is not exact; however, it does 
establish some general parameters for development and provides a defined rationale for various aircraft 
activities. 
 
To prepare aviation activity forecasts, information about current activity is supplemented with historical 
trends obtained from previous years’ activity and recorded information.  These data have evolved from a 
comprehensive examination of historical airport records, recent planning documents relative to the airports, 
and operational counts from airport personnel.  Sources include: 
 

• The Final Environmental Impact Statement for Replacement Airport at Halls Crossing, San 

Juan County, Utah prepared in 1990. 

• The Draft Supplemental Environmental Impact Statement for Replacement Airport at Halls 

Crossing, San Juan County, Utah prepared in 2001. 

• The Utah Continuous Airport System Plan-2007 prepared by the Utah Department of 

Transportation. 

• FAA’s Form 5010-1, Airport Master Record Monthly Aircraft Operations Reports from FBO 

personnel located at Cal Black Memorial Airport. (1993-2009) 
 

As part of an examination of current and future activity levels at the Airport, there are several conditions 
and factors that should be noted, which form the basis or foundation of the forecasts.  These variables, 
discussed in the next sections, represent a variety of physical, operational, and socioeconomic 
considerations. 
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TTTTable able able able EEEE----1:  1:  1:  1:  Historical Aviation Activity within GCNRAHistorical Aviation Activity within GCNRAHistorical Aviation Activity within GCNRAHistorical Aviation Activity within GCNRA, 1980, 1980, 1980, 1980----2009200920092009 
 

Year 

Annual Aircraft Operations 

Cal Black Memorial Airport Operations Halls 
Crossing 

Operations 

Bullfrog 
Basin 

Operations 
Single 

Engine1 
Multi 

Engine1 
Jet 

Engine1 Helicopter1 Total 

1980 NA NA NA NA NA 2,434  3,650 

1981 NA NA NA NA NA 2,434  3,650 

1982 NA NA NA NA NA NA NA 

1983 NA NA NA NA NA 2,880  4,300 

1984 NA NA NA NA NA 2,490  6,050 

1985 NA NA NA NA NA 2,000  6,747* 

1986 NA NA NA NA NA 2,000  5,980* 

1987 NA NA NA NA NA 2,000  6,370* 

1988 NA NA NA NA NA NA 6,630* 

1989 NA NA NA NA NA NA 8,780* 

1990 NA NA NA NA NA NA 9,650 

1991 NA NA NA NA NA NA 10,800 

1992** NA NA NA NA NA NA 7,030* 

1993 2,736 314 4 42 3,096  NA 7,240 

1994 2,576 290 4 40 2,910  NA 7,460 

1995 2,666 278 14 84 3,042  NA 6,500 

1996 2,428 350 10 84 2,872  NA 6,490 

1997 2,212 314 2 92 2,620  NA 6,550 

1998 2,330 334 38 66 2,768  NA 6,620 

1999 2,164 378 34 90 2,666  NA 6,690 

2000 2,188 262 88 124 2,662  NA NA 

2001 2,112 160 106 60 2,438  NA NA 

2002 2,034 300 60 92 2,486  NA NA 

2003 2,090 216 60 62 2,428  NA NA 

2004 1,684 162 72 76 1,994  NA NA 

2005 1,446 200 58 50 1,754  NA NA 

2006 1,396 176 42 50 1,664  NA NA 

2007 1,432 178 76 78 1,764  NA NA 

2008 1,246 170 80 124 1,620  NA NA 

2009 1,138 150 20 62 1,370  NA NA 

Source: Aviation data was provided by Cal Black Memorial Airport: Midway Aviation/Cal Black Memorial Airport. Bullfrog: Final 

Environmental Impact Statement for Replacement Airport at Halls Crossing, San Juan County, Utah, May/1990, FAA Form 5010-1 

Airport Master Record for Bullfrog Basin (1/1/98), San Juan County, and Cal Black Memorial Airport Noise Analysis Report (2013).  

1  These data were recorded for Cal Black Memorial Airport only. 

* Estimate from Utah Department of Aviation, NA:  Not Available – as records were not maintained   

** Halls Crossing Airport closed and Cal Black Memorial Airport opened in 1992. 

 

 

E.2.2.1  Population Characteristics (Limited Resident Population Base)   
 
Cal Black Memorial Airport is located along the western boundary of San Juan County, while Bullfrog Basin 
Airport is located across Lake Powell, in Kane County.  According to the Utah Governor’s Office of 
Management and Budget Population Estimates, San Juan County had an estimated 2011 (the most recent 
year available) population of 14,954 people.  San Juan County’s population is projected to increase to 
15,486 people by 2030.  Kane County had an estimated 2011 population of 7,208, and is projected to have 
a population of 10,259 people in 2030. 
 

E.2.2.2  State and Regional Tourism Industry 

 
One of the most important industries in the State of Utah is tourism.  Approximately 20 million tourists 
traveled to Utah in 2012 (Utah Office of Tourism, 2013).  Of those, 5.1 million visitors traveled to Utah's 
national recreational areas (including GCNRA), national monuments and national historic site.  In general, 
travelers tend to visit these locations during the summer.  A large increase in visitors occurred from 2010 
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to 2011, with an approximate 57% increase in tourists to National Monuments and Recreation Areas in 
Utah.  Many of these tourists visited in the summer (see Figure E-2). 

 
 

Figure E-2:  National Monument and National Recreation Area Visitor Statistics per Year (2005-2012) 

 

 
Source: Utah Office of Tourism (2013) 

 
 

E.2.2.3  Glen Canyon National Recreation Area/Lake Powell  
 

Located 95 river miles upstream from Page, Arizona and Glen Canyon Dam, Halls Crossing Marina is the 

site of one of the six marinas on Lake Powell.  Bullfrog Marina, located directly across the lake from Halls 

Crossing Marina, has a full range of facilities at its location adjacent to Bullfrog Bay.  Boating and fishing 

are the main activities in the adjacent portions of the lake, but several miles of the shoreline are accessible 

for hiking, swimming, and primitive camping.  State Highway 276 ends at the lakeshore, though travel is 

possible between Halls Crossing and Bullfrog via the ferry that operates year round with departures every 

two hours during the summer months. 

 

According to the NPS, there were 2,061,328 visitors to GCNRA in 2012, a decrease of 9.2% from the year 

before.  Annual visitor counts in the last decade (2002 to 2012) average about 1,977,151 visitors per year.  

Visitation to the GCNRA was highest in the early 1990s, decreased in the early 2000s, and has somewhat 

leveled out since then.  Figure E-3 shows Historic Recreation Visitation to GCNRA.  See Section 2.1, 

GCNRA Location and Characteristics of the Draft Supplemental EIS for more information on GCNRA. 
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Figure Figure Figure Figure EEEE----3:3:3:3:        Historic Recreation Visitation to Glen Canyon National Recreation Area (1979Historic Recreation Visitation to Glen Canyon National Recreation Area (1979Historic Recreation Visitation to Glen Canyon National Recreation Area (1979Historic Recreation Visitation to Glen Canyon National Recreation Area (1979----2012)2012)2012)2012) 

 

 
Source: National Park Service Visitor Use Statistics, Glen Canyon National Recreation Area (2012) 

 

 

E.2.2.4  Medical Transports, Evacuations, and Air Tours  

 
The area medical clinic is located in Bullfrog.  According to park service personnel, the majority of all 
medical-related air transport operations are conducted with helicopters, which use the clinic’s existing 
helipad and not the Airport.  These operations are conducted to and from Salt Lake City, Phoenix, and 
Grand Junction, Colorado, depending upon the medical requirements. 
 
Additionally, thousands of air tours (flight seeing) are conducted over GCNRA each year.  These operations 
do not use Cal Black Memorial Airport.  According to the US Government Accountability Office, in 2006 
operators had the authority to conduct a combined total of 14,074 air tours annually over GCNRA.3  Due to 
a combination of operators going out of business and the adjustment of interim operating authority 
allowances, as of 2013, operators were allowed to fly a maximum of 8,222 air tours per year over GCNRA.4 
 

E.2.3 Aviation Activity Forecasts 

 
Aviation forecasts for the three airports considered in this Draft Supplemental EIS were conducted to 

determine reasonably foreseeable aviation activity in the area and to form the basis of the environmental 

impact analysis.  Today, forecasts are generally conducted in five year increments.  The 1990 Final EIS 

employed the methodologies required at the time, and used a twenty-year forecast for aviation activity, as 

is typical to aviation forecasting.  NEPA documents are required to examine the time period which is 

reasonably foreseeable; given the general variability that has existed in the aviation sector, FAA has 

interpreted this in many NEPA documents to be an evaluation of conditions five years after project 

completion.  To maintain consistency with the 1990 Final EIS analysis, and because Cal Black Memorial 

                                                           
3  U.S. Government Accountability Office, National Parks Air Tour Management Act: More Flexibility and Better Enforcement 

Needed, GAO-06-263 (January 2006). 
4  U.S. Department of Transportation, Federal Aviation Administration, National Parks Air Tour Management Program Glen 

Canyon National Recreation Area and Rainbow Bridge National Monument Voluntary Agreement Kick-Off Meeting, General 
Route Patterns (PowerPoint presented on September 11, 2013). 
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Airport has been constructed and operational, the forecasts for this Draft Supplemental EIS use a twenty-

year outlook.  Table E-2 presents existing and forecast aircraft activity. 
 

Table Table Table Table EEEE----2:  Existing (2010) and Future (2030) Annual Operations by Aircraft 2:  Existing (2010) and Future (2030) Annual Operations by Aircraft 2:  Existing (2010) and Future (2030) Annual Operations by Aircraft 2:  Existing (2010) and Future (2030) Annual Operations by Aircraft Category Category Category Category  

 

Aircraft Category 
Cal Black Memorial 

Airport 
Bullfrog Basin 

Halls Crossing 
(Closed)* 

2010 2030 2010 2030 2010 2030 

Single Engine Propeller 1,137 1,412 1,344 1,686 1,137 1,412 

Multi Engine Propeller 151 188 178 224 151 188 

General Aviation Jet 14 17 16 20 0 0 

Helicopter 69 86 82 102 69 86 
Total 1,371 1,703 1,620 2,032 1,357 1,686 

Source: Cal Black Memorial Airport Noise Analysis Report (2013)  

*It is assumed that the operations at closed Halls Crossing would be the same as the actual operations that occur at Cal Black Memorial Airport, 

with one exception. The length of the runway at the closed Halls Crossing Airport was too short to accommodate jets. Thus, the actual activity 

minus the jets represents the surrogate existing activity at closed Halls Crossing Airport. 

 
Since the preparation of the 1990 Final EIS and the 2001 Draft Supplemental EIS, existing and forecast 
aviation activity at Cal Black Memorial Airport has changed.  When the 1990 Final EIS was issued to 
evaluate the replacement of the Halls Crossing Airport, future activity was predicted to increase 
substantially.  Aircraft activity has remained constant, if not decreased since the first forecast analyses.  
Therefore, to assist in the development of this Draft Supplemental EIS, a Planning Memorandum was 
drafted in 2010 to re-assess, update, and verify aviation-related data for Cal Black Memorial Airport. 
 
Using appropriate planning data and study findings obtained from both the 1989 Cal Black Memorial Airport 
Master Plan and the 2001 Draft Supplemental EIS, the planning memo provided a brief inventory of existing 
airside and landside facilities, an updated forecast of aviation activity, and an expectation of the facility 
requirements necessary to accommodate forecast levels of aircraft operations.  
 



 

 

 

Appendix F – Summary of Noise Studies in Parks 
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PAST RESEARCH CONCERNING NOISE 

EFFECTS ON PARKS  
 
Because the Court noted that the FAA had not considered empirical evidence of aircraft noise exposure, 
this Appendix was prepared to document the resources considered concerning noise impacts in national 
parks and GCNRA.  As this Appendix summarizes, the NPS has sponsored several studies on the impacts 
of aircraft noise on national parks in the United States.  These studies are described, among other places, 
in the Report to Congress by the NPS in 1994, in the report of Information for Aircraft Overflights of National 
Parks by Harris Miller Miller & Hanson in 1994, and in an FAA study on the noise dose/visitor response 
relationship for National Parks Overflights that was conducted in Bryce Canyon National Park in 1998.    
These studies were used in the development of the visitor survey to enable a response to the empirical 
evidence comment of the court. Appendix G includes the noise surveys conducted in GCNRA in 1998.  

 

F.F.F.F.1 1 1 1     NPS Report to Congress (1994)NPS Report to Congress (1994)NPS Report to Congress (1994)NPS Report to Congress (1994)    
 

One of the major issues discussed by the Report to Congress in 1994 concerned the appropriate measure 
of impact.  Contrary to the vast literature on impacts of aircraft noise on residents of areas near major 
metropolitan airports, which emphasizes the measurement of annoyance caused by aircraft noise, the 
National Park Service argued that for the purpose of assessing impact of aircraft noise on visitors to national 
parks, the amount of interference with enjoyment of natural soundscape would be the most appropriate 
quantity to measure.  This is because it was argued that one of the primary reasons people give for visiting 
national parks is to experience the soundscape generated by the natural world in the absence of human 
mechanical devices, which is not only qualitatively different but also usually much quieter than the typical 
urban or suburban soundscape.  Thus, “natural soundscape” was argued to be a resource whose 
preservation was mandated by Congress when it created the NPS.1 
 
Measurements of interference with enjoyment of natural soundscape can be made with similar precision to 
those of noise annoyance, and when the same categories of the respective scales are included, the two 
are reasonably correlated, although not identical.  In this report (and in the survey work conducted for the 
Draft Supplemental EIS, as discussed in Section 2.5, Visitor Reaction to Noise) a wider range of survey 
respondents was included among those considered to be “affected” in the national park context than is 
usually done with respondents near major airports.  Noise impacts near major airports are often expressed 
as “percent highly annoyed,” comprising the survey respondents who indicated that they were either “very” 
or “extremely” annoyed by the noise.  The NPS argued that when natural soundscape is at issue, this group 
should be broadened to include visitors reporting either “moderate,” “very much,” or “extreme” interference 
with enjoyment of natural soundscape.  The results of several social surveys of park visitors concurred that, 
for any given level of noise exposure and using moderate to extreme annoyance or interference (rather 
than high to extreme), the amount of interference with enjoyment of natural soundscape is usually greater 
than that of annoyance. 
 
In addition to making the case for measuring interference with enjoyment of natural soundscape in order to 
assess noise impact in national parks, the Report to Congress summarized the findings of several important 
surveys of noise impact in national parks, including exit surveys of most of the major parks in the system.  
Among the relevant general results are the following:   
                                                           
1  The NPS Soundscape Management Policy states, "Using appropriate management planning, superintendents will identify what 

levels of human-caused sound can be accepted within the management purposes of parks... In and adjacent to parks, the 

Service will monitor human activities that generate noise that adversely affects park soundscapes, including noise caused by 

mechanical or electronic devices. The Service will take action to prevent or minimize all noise that, through frequency, 

magnitude, or duration, adversely affects the natural soundscape or other park resources or values, or that exceeds levels that 

have been identified as being acceptable to, or appropriate for, visitor uses at the sites being monitored." (U.S. Department of 

the Interior, National Park Service, National Park Service Management Policies 2006 (2006), Section 4.9). 
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First, according to the visitor survey done by McDonald, Baumgartner, and Iachan (1994), overall about 
20% of visitors to national parks heard aircraft during their visit and about 2-3% of visitors were annoyed 
by hearing aircraft or reported that it interfered with their appreciation of natural soundscape.  The number 
of aircraft heard and the annoyance levels reported varied widely across the parks surveyed and also with 
several other factors.  Glen Canyon was one of the parks studied, and it was studied in 1992 (which was 
after Cal Black Memorial Airport was completed).  At that time, about 52% of visitors reported hearing 
aircraft, with 4% reported being annoyed by hearing them, 4% reported that it interfered with their enjoyment 
of the park, and 8% said it interfered with their appreciation of natural soundscape (Report to Congress, 
1994, p. 6.8).  Note that this study made no differentiation as to whether these aircraft were from Cal Black 
Memorial Airport or other sources of aircraft operation such as high-altitude (enroute) aircraft flying to/from 
airports outside of the park.  These findings put Glen Canyon into the low to moderate range in regard to 
aircraft noise impact, comparable to Yosemite, Mt. Rushmore, the Everglades, and Hawaii Volcanoes in 
terms of number of respondents hearing aircraft, but actually considerably lower than any of those parks in 
terms of noise impact (the others ranged from 12% to 21% of respondents reporting interference with 
natural soundscape, for example - see Report to Congress, 1994, Table 6.5, pp. 6.8-6.9). 
 
Second, site-specific surveys in a few parks (Anderson et al, 1993) permitted development of dose-
response curves2 that verified in the park context a relationship between exposure and annoyance or 
interference with natural soundscape similar to that established for airport noise surveys by Schultz (1978) 
and modified several times since then (FICON, 1992).  In these curves, the amount of annoyance or 
interference increases with the percent of the time aircraft are audible and also with the 1-hour Leq.

3  
Moreover, such site-specific surveys often measured more annoyance in reference to specific overflights 
during a specific short time period than did the exit surveys in reference to overflights encountered in the 
context of an entire visit to the park.  Also, in these surveys, measured annoyance was usually less than 
measured interference with natural soundscape at any given level of aircraft audibility.  Based on the dose 
response curves, the NPS suggested that, in a generic park environment, a maximum acceptable 
percentage of visitors impacted would be in the range of 20% to 30% (Report to Congress, 1994). 
 
Finally, based on mail-in and exit surveys of backcountry permit users, the 1994 Report to Congress 
concluded that such park users are considerably more sensitive to noise impacts than are other users.  
Backcountry is defined as areas that require a hike of one hour or more to access. In one survey (McDonald 
et al, 1994), 72% of backcountry permit holders contacted by mail reported that they had heard aircraft 
during their visit, and 35% of them reported being annoyed by this whereas 46% reported that it interfered 
with their enjoyment of natural soundscape.  In contrast, only 22% of “frontcountry users” surveyed as they 
exited a park reported hearing aircraft, with 3% reporting annoyance and 5% reporting experiencing 
interference with natural soundscape.  Backcountry users surveyed as they exited a park fell in between, 
with 43 % reporting hearing aircraft, 10% reporting annoyance, and 12% reporting experiencing interference 
with natural soundscape. 
 

F.F.F.F.2222        Information for Aircraft Overflights of National Parks Information for Aircraft Overflights of National Parks Information for Aircraft Overflights of National Parks Information for Aircraft Overflights of National Parks ----    Harris Miller Miller & Harris Miller Miller & Harris Miller Miller & Harris Miller Miller & 

Hanson (1994)Hanson (1994)Hanson (1994)Hanson (1994)    
 

The 1994 report Information for Aircraft Overflights of National Parks by Harris Miller Miller & Hanson, 
sponsored by NPS (which is not included in the 1994 Report to Congress) performed four tasks.  First, it 
reviewed and updated the dose-response curves that had been reported earlier (and that had been used 
in the), with particular attention to their ability to predict visitor responses to aircraft noise based on 
standardized dose metrics such as hourly equivalent sound level.  Second, it measured aircraft noise at 

                                                           
2  A dose-response curve examines visitor reactions to overflights of specific park locations and provides a quantitative 

relationship between aircraft sound level and visitors' reactions to these sound levels (U.S. Department of the Interior, National 
Park Service, Report to Congress: Report on Effects of Aircraft Overflights on the National Park System (September 12, 1994), 
6.1). 

3  LEQ (Equivalent Noise Level) is the sound level corresponding to a steady-state, A-weighted sound level containing the same 
total energy as a time-varying signal (noise that constantly changes over time) throughout a given sample period. In the cited 
case the measurement period of the LEQ is 1-hour. 
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Grand Canyon National Park and compared the measured values with those predicted by the FAA’s 
Integrated Noise Model (INM).  Third, it validated the INM’s ability to predict exposure metrics such as 
hourly equivalent noise level.  Finally, it was able to validate the model used by the NPS to predict noise 
levels anywhere in a park using a simulated flyby based on an aircraft noise source database and a terrain 
database.   

 
The NPS sponsored study developed “dose-response” curves based upon surveys that they conducted in 
various National Parks.  These curves present methods for estimating impacts from aircraft overflights.  
They are similar to the curves that have been developed for traditional airport studies, except they utilize 
different noise metrics and are based upon surveys of visitors in park settings.  These curves are in terms 
of the percentage of time aircraft are audible and in terms of the hourly equivalent sound level (LEQ).  Used 
to predict the percentage of visitors that would experience moderate to extreme annoyance due to aircraft 
noise in a park environment, these dose-response curves are designed to measure the preservation of 
visitor enjoyment and are shown in Figure F-1 below.  
 

F.F.F.F.3333        FAA Noise/Dose Visitor Response Relationships for National Parks FAA Noise/Dose Visitor Response Relationships for National Parks FAA Noise/Dose Visitor Response Relationships for National Parks FAA Noise/Dose Visitor Response Relationships for National Parks ––––    Bryce Bryce Bryce Bryce 

Canyon National Park (1998) Canyon National Park (1998) Canyon National Park (1998) Canyon National Park (1998)  
 

Subsequent to 1994, the FAA, in conjunction with the NPS, conducted research on the development of 
noise dose response to aircraft overflights in park settings.  In 1998 the FAA used Bryce Canyon National 
Park (BCNP) in Utah to conduct research on aircraft overflights.  The July 1998 study focused on dose 
responses in the frontcountry, defined as any area with substantial human activity, such as scenic 
overlooks, visitor centers, or destinations reached by hikes of one hour or less (Development of Noise 
Dose/Visitor Response Relationships for the National Parks Overflight Rule, 1998).  The goal of this 
research was to establish a National Rule for regulating park overflights, as well as the collection of data 
on low-level noise assessment as it relates to the National Rule on overflights.  While this document did not 
have a final decision on the National Rule, it provided background material.   
 
BCNP was chosen for this study due to the varied types of aircraft operations, time of operations, and 
number of operations by each type of fixed wing and rotor aircraft.  These aircraft comprised approximately 
5,000 operations per year, with SEL levels ranging from 56.2 dBA to 63.5 dBA during the study period.  The 
study found that of the frontcountry visitors surveyed, approximately one-quarter were annoyed by aircraft 
overflights, including high altitude jet aircraft, helicopters, and general aviation aircraft.   
 
While the BCNP study focused on research for the National Rule and low-level noise assessment, the FAA 
also completed protocol in March 1998, Draft Guidelines for the Measurement and Assessment of Low-
Level Ambient Noise.  These guidelines detail how measurements and site selections should be established 
for researching low-level ambient noise.  The purpose of the protocol was to (1) establish a baseline for 
natural quiet; and (2) develop guidelines for incorporating low-level ambient noise data in future noise 
modeling.  The guidelines defined how ambient noise should be measured, specifically in areas of natural 
quiet, such as national parks.   
 
In addition to the FAA conducting studies, the Federal Interagency Committee on Aviation Noise (FICAN) 
held a symposium in September 2000 regarding research on natural quiet.  While FICAN believes more 
research needs to be accomplished before it will render a decision, the organization has monitored the 
progress of this research.  The symposium found that traditional noise models such as INM do not capture 
the extreme quiet of a national park, which can have ambient levels as low as 20 dBA, compared to 45 dBA 
for an urban environment (FICAN Annual Report, 2000).  FICAN encourages continued research into 
computer modeling for low-level noise, similar to the NODSS computer model used at the Grand Canyon.  
Continued refinements to noise modeling, together with improved park visitor surveys should result in 
quantifiable data in the near future. 
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FigureFigureFigureFigure    FFFF----1111: : : :     NNNNPS DosePS DosePS DosePS Dose----Response Curves for Estimating Impacts at Sites Preserving Visitor EnjoymentResponse Curves for Estimating Impacts at Sites Preserving Visitor EnjoymentResponse Curves for Estimating Impacts at Sites Preserving Visitor EnjoymentResponse Curves for Estimating Impacts at Sites Preserving Visitor Enjoyment 
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1.0 Introduction and Summary 

 

 In 1990 the FAA completed an Environmental Impact Statement (EIS) for the proposed 

Cal Black Memorial Airport to be built in San Juan County, Utah, just outside the boundary of 

Glen Canyon National Recreation Area (GCNRA) about 10 miles from the Halls Crossing 

Marina and Lake Powell.  The airport was to replace an airstrip (dirt) located within the park 

boundary near the Halls Crossing Marina that was considered to have safety concerns.  The FAA 

approved the new airport and it was completed in 1991. In 1990 the National Parks and 

Conservation Association (NPCA) brought suit against the FAA concerning the adequacy of the 

EIS.  In 1993 the U.S. Court of Appeals, 10
th

 Circuit, required that the FAA should re-analyze 

the impact of the airport and, among other actions, that this should include empirical evidence as 

to the effect of aircraft noise from Cal Black Memorial Airport on the visitor experience of 

GCNRA. 

 

 This report describes the design and results of an in-person interview survey conducted to 

comply with the court’s requirement.  The survey instrument was designed in consultation with 

the NPS, the BLM, and San Juan County.  It was designed both to identify general visitor 

experience issues, and also specifically to measure the effect of aircraft noise and other factors 

on the visitor experience.  The survey was designed to be compatible with the many social 

surveys of aircraft noise impacts near major airports that have been conducted over the last 20 or 

more years, and also with the newer group of surveys of the impact of noise on visitor experience 

in U.S. national parks.  The survey was designed to measure the amount of annoyance caused by 

aircraft noise from aircraft operating out of Cal Black Airport and also by several other possible 

sources of annoyance for comparative purposes.  It was also designed to measure the extent to 

which such noise interfered with visitors’ enjoyment of natural soundscape and the sounds of 

nature, an issue of increasing concern to the U.S. NPS in such contexts. An attempt was made to 

contact as wide a range of park visitors as possible, but the majority of respondents available 

nonetheless consisted of those whose major activities center around boating and other water 

activities on Lake Powell. 

 

 The detailed results of the survey are presented and discussed in the following sections of 

this report. The most important results can be summarized as follows: 

 

1.1 A large majority of respondents considered experiencing natural soundscape and the 

sounds of nature to be either a very or extremely important reason for coming to the park; 

the average respondent considered it to be a very important reason.  

 

1.2 A large majority of respondents reported hearing aircraft during their stay at the park 

and over 40% reported hearing low-flying aircraft.  

 

1.3  Nonetheless, the vast majority of respondents (over 95%) reported no annoyance at 

all by aircraft noise; only 2.5% reported moderate or greater annoyance from this source.  

Similarly, only 0.8% of respondents reported that aircraft noise interfered with their 

enjoyment of natural soundscape and the sounds of nature to a moderate or greater extent. 
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1.4  In contrast to their lack of annoyance at aircraft noise, over 30% of respondents 

reported significant annoyance with other aspects of their experience. Therefore, the 

relative lack of reported noise annoyance was not simply the result of a reticence to 

report annoyance to the interviewer. 

 

1.5  Overall, respondents reported that they had greatly enjoyed their visit to GCNRA, 

again with enjoyment of natural soundscape and the sounds of nature being substantial. 

 

1.6   It seems reasonable to conclude that at the present time the vast majority of visitors 

to GCNRA are not experiencing significant adverse reaction to activity from the Cal 

Black Memorial Airport. 
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2.0 Background 

 

 The methodology of social surveys is well developed and provides a good basis for 

quantitative measurement of relevant social variables. Of interest in the present context is that 

social surveys have proved to be highly useful for the measurement of people’s reactions to noise 

generated by the mechanisms of our industrialized society.  The measurement of the reaction of 

annoyance to noise generated by aircraft, in particular, has reached a level of precision at which a 

standard type of survey question can be used to assess it.  Then, the proportion of people who 

answer that question in a particular way (percent highly annoyed) can be plotted versus noise 

exposure to yield a standard dose-response curve (FICON, 1992).  Although noise, and in 

particular aircraft noise, can have other negative impacts, such as speech masking and sleep 

disturbance and possibly even effects on health, because of the numerous studies that have been 

done, and the precision with which it can be measured, noise annoyance is often considered to be 

the best criterion by which to measure impact of aircraft activities in the region of an airport 

(FICON, 1992, Mestre Greve et al, 1993).  For this reason, the present survey concentrated on 

measuring aircraft noise annoyance, and for comparison purposes annoyance from other sources, 

experienced by visitors to the region of Glen Canyon National Recreation Area near the Cal 

Black Memorial Airport. 

 

 In its Report to Congress in 1994, the NPS recommended, based on several social 

surveys of national park visitors, that for many purposes, including assessing the impact of 

aircraft noise, the amount of interference with enjoyment of natural soundscape would be a 

desirable quantity to measure.  This is because one of the primary reasons people give for 

visiting a national park is to experience the soundscape generated by the natural world in the 

absence of human mechanical devices, which is usually much quieter than the typical urban 

soundscape.  Measurements of interference with enjoyment of natural soundscape can be made 

with similar precision to those of noise annoyance and the two are reasonably correlated 

although not identical. For any given level of noise exposure, the amount of interference with 

enjoyment of natural soundscape has usually been greater than that of annoyance, although the 

two measures are not easy to discriminate at low levels. In the present survey, interference with 

the “enjoyment of natural soundscape and the sounds of nature” was measured relative to several 

possible interfering sources of noise, including aircraft.  Moreover, the relative importance of 

enjoyment of natural soundscape as a reason for coming to Glen Canyon, along with that of 

several other factors, was also assessed. 

 

 Part of the context for this survey is described by the Environmental Impact Statement 

(EIS) prepared for the Cal Black Memorial Airport. The EIS estimated that the new airport might 

inspire a doubling of operations, and thus of overflights of affected regions of the park, by 1998.  

However, in spite of the low ambient noise levels in the park (estimated to be about 20-30 dBA 

at that time whenever air, road, or boat traffic were not nearby), it was concluded that this would 

not materially increase the impact of the existing airstrip at Halls Crossing, which was judged to 

be negligible in 1990.  Even in the back country, where it was estimated that there were about 8-

20 minutes per day of audible overflight by general aviation aircraft using the existing airports at 

Bullfrog and Halls Crossing (as compared to several hours per day at 45-55 dBA by enroute jet 

aircraft and occasional very high noise levels from military overflights) in 1990, it was 

concluded that doubling of operations, which could lead to doubling of exposure (to 16-40 

minutes per day), would not significantly increase the impact of overflights in the context of the 

noise environment in 1990. This analysis, which seems reasonable to the present author, can be 
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found on pages 4.49-4.42 of the EIS.  The situation for boaters, of course, which constitute the 

majority of users (about 96% in 1997), is probably substantially different.  However, the EIS did 

not analyze the projected impacts for this class of users, presumably since they were assumed at 

the outset to be negligible.  The present survey has concentrated on an analysis of the impacts on 

this user group, both because they are available to ask (in contrast to the lone back country 

hiker), and because they constitute a significant user group whose members do, in fact 

experience aircraft noise. 

 

 The other major precedent for this present survey is the several recent studies of the 

impacts of aircraft noise (especially) on the national parks described, among other places, in the 

Report to Congress by the NPS in 1994 and in the report of Harris Miller Miller & Hanson in 

1994.  In addition to making the case for measuring interference with enjoyment of natural 

soundscape  to assess noise impact in national parks, as described earlier, these reports 

summarize the findings of several important surveys of noise impact in national parks, including 

exit surveys of most of the major parks in the system.  Among the relevant general results are the 

following:  First, according to the visitor survey done by McDonald, Baumgartner and Iachan 

(1994), overall about 20% of visitors to national parks heard aircraft during their visit, and about 

2-3 % of visitors were annoyed by hearing aircraft or reported that it interfered with their 

appreciation of natural soundscape.  The number of aircraft heard and the annoyance levels 

reported varied widely across the parks surveyed and also with several other factors. 

Interestingly, Glen Canyon was one of the parks studied, and it was studied in 1992 (see Report 

to Congress, 1994, pp. YY) after the new airport was completed.  At that time, about 52% of 

visitors reported hearing aircraft, while 4% reported being annoyed by hearing them, 4% 

reported that it interfered with their enjoyment of the park, and 8% said it interfered with their 

appreciation of natural soundscape.  These findings put Glen Canyon into the low to moderate 

range in regard to aircraft noise impact, comparable to Yosemite, Mt. Rushmore, the Everglades, 

and Hawaii Volcanoes in terms of number of respondents hearing aircraft, but actually 

considerably lower than any of those parks in terms of noise impact (the others ranged from 12% 

to 21 % of respondents reporting interference with natural soundscape, for example - see Report 

to Congress, 1994, Table XX, pp. YY). 

  

 Second, site-specific surveys in a few parks (Anderson et al, 1993) permitted 

development of dose-response curves that verified in the park context a relationship between 

exposure and annoyance or interference with natural soundscape similar to that established for 

airport noise surveys by Schultz (1978) and modified several times since then (see FICON, 

1992).  In these curves, the amount of annoyance or interference increases with the percent of the 

time aircraft are audible and also with the 1-hour Leq.  Presumably similar dose-response 

relationships are operating now in Glen Canyon, although they were not measured in the present 

study so as to avoid impacting visitor experience.  Moreover, such site-specific surveys often 

measured more annoyance in reference to specific overflights during a specific short time period 

than did the exit surveys in reference to overflights encountered in the context of an entire visit 

to the park.  Also, in these surveys, measured annoyance was usually less than measured 

interference with natural soundscape at any given level of aircraft audibility.  Based on the dose 

response curves, the NPS suggested that in a generic park environment a maximum acceptable 

percentage of visitors impacted would be in the range of 20% to 30% (Report to Congress, 

1994). 
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 Finally, based on mail-in and exit surveys of back country permit users, the Report to 

Congress (1994) was able to conclude that such park users are considerably more sensitive to 

noise impacts than are other users.  In one survey (McDonald et al, 1994), 72% of back country 

permit holders contacted by mail reported that they had heard aircraft during their visit, and 35% 

of them reported being annoyed by this whereas 46% reported that it interfered with their 

enjoyment of natural soundscape. In contrast, only 22% of “front country users” surveyed as they 

exited a park reported hearing aircraft, with 3% annoyed and 5% experiencing interference with 

natural soundscape.  Back country users surveyed as they exited a park fell in between, with 43 

% hearing aircraft, 10% annoyed, and 12% experiencing interference with natural soundscape. 

 

 It can be expected that the present survey, which did not include back country permit 

holders, might underestimate the impact of aircraft noise on back country users.   This was of 

some concern to both the FAA and the NPS, and during development of the survey strategy 

extensive discussions occurred with and between those parties concerning ways of assessing the 

back country hiker experience in relation to the operation of Cal Black Memorial Airport.  The 

possible ways to approach such visitors include by mail, contacting them at the entry or exit 

points to the Park (sometimes used by these visitors), accidentally encountering them along a 

trail, or deliberately seeking them out in the back country (and thus intruding on their back 

country experience).  The back country users most likely to be affected, those who frequent the 

region north of the airport around the North Gulch of Moki Canyon and Forgotten Canyon, could 

not be identified for purposes of a mail-in survey, since permits are not required for this region of 

the park.  Permit holders, who could be identified for a mail-in survey, frequent only the 

Escalante region, far from the operating region of the new airport.  Both because of the large 

land area involved and the low density of such visitors in the relevant locale, and because of a 

desire not to interfere with back country experience, deliberately seeking out such visitors in the 

back country was deemed impractical and undesirable.  The strategy used in this survey, to 

sample back country users only as they exited the park, or if they were accidentally encountered 

along a trail, was agreed by all parties to be a reasonable approach to surveying these visitors. 
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3.0 Method 

 

3.1 Design of the Interview Questionnaire 

 

 The questionnaire on which the interview was based is presented in full in Attachment 1.  

It was designed first of all to measure aircraft noise annoyance in an unobtrusive manner, in the 

guise of a general survey of park visitor experience.  To this end, a variety of questions was 

asked about the experience of the visitor, including questions about annoyance with other 

sources than aircraft noise, both to provide filler items and also to provide a context in which to 

interpret the annoyance results.  In addition, interference with enjoyment of natural soundscape 

and the sounds of nature was also measured with respect to several possible sources, including 

aircraft noise. Finally, exposure to aircraft noise was measured informally by asking respondents 

to report the number of aircraft they heard during their visit. The annoyance questions were 

designed to resemble those used in typical airport noise surveys, which have proven to be very 

useful in assessing noise impact of aircraft in the vicinity of large urban airports.  The 

interference with natural soundscape questions was designed to be comparable to those used in 

previous surveys by the NPS (see Report to Congress, 1994).  In addition, every effort was made 

to render the survey comparable both to previous noise annoyance studies at airports as well as to 

previous studies of noise impact in national parks, given the information available to the author 

about those studies.   

 

3.2 Sampling and Interviewing 

 

 The survey data were collected by an in-person interview technique from adult visitors to 

the Glen Canyon National Recreation Area during the two-week period from 22 May 1998 until 

4 June 1998; this period included Memorial Day weekend. Adults were defined as persons 18 

years of age and older. The sampling period was selected to maximize both the number of 

visitors present in the vicinity of the airport (according to NPS personnel this is a time of very 

frequent use) and the amount of exposure of these visitors to airport-generated noise (according 

to airport personnel the majority of Cal Black Memorial operations occur between Memorial 

Day weekend and Labor Day weekend).  Conclusions from the survey strictly may be 

generalized only to visitors during this and other periods of similar conditions because of 

differences in user populations at different times of the year. In particular, the back country hiker 

population is very low during this period.  However, efforts were made to contact as wide a 

cross-section of users as possible during this limited period. 

 

 The main sample population consisted of the approximately 96 percent of the visitors to 

the Bullfrog and Halls Crossing areas who engage in a boating activity (based on 1997 user 

counts supplied by the NPS). The remaining 4 percent of visitors primarily engage in hiking or 

backpacking activities.  The two groups may overlap to some extent.  Survey respondents were 

asked to verify that they had not been asked similar questions during the two-week survey 

period. Unfortunately, it proved to be impossible to obtain a separate sample of users in 

particular areas of the park, for example Lake Canyon or Moki Canyon, who had been exposed 

to a recorded aircraft overflight, since flights were too infrequent, and visitors were simply too 

widely dispersed to be contacted in these specific sites. 

 

 Based on estimates from the monthly use report of the U.S. Department of the Interior for the 

GCNRA for 1997 and the 1996 Statistical Abstract of the NPS, there could be about 10,500 user-
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days during the sampling period at Bullfrog, Halls Crossing, Escalante, and Hole-in-the-Rock 

sites.  The average party includes 2.6 persons, of whom 1.6 are adults.  If the average group stays 

4 days, then there would be about 1,000 visitor groups available during the sampling period, of 

which at least one would be an adult.  The survey team approached about 59% of the available 

groups that seemed to be exiting the park at the locations sampled from.  Based on an informal 

count on the first two days of sampling, about 95% of the groups approached said they were 

exiting at that time.  Based on these two figures, about 575 visitor groups were available to the 

team during period sampled, representing about 57.5% of the groups that could have been 

visiting this region of the park during that period (the NPS records only “visits,” or people per 

day in the park, not the number of groups visiting so this can only be estimated).  Only one 

respondent in each visitor group approached was interviewed.  The respondent was chosen 

randomly based on nearest birthday. 

 

 The survey team approached visitors as they prepared to exit the park from a parking lot at 

one of four main sites: 

 

a. Bullfrog Marina public boat launch ramp 

b. Bullfrog Marina concession boat area 

c. Halls Crossing Marina public boat launch ramp 

d. Halls Crossing Marina concession boat area 

 

All four sites were sampled every day between about 10:30 AM and 5:00 PM beginning 24 May, 

except for three days midweek when only the sites on one side or the other were sampled. In 

addition, sample periods were scheduled for Hole-in-the-Rock trail-head, near the Cal Black 

Memorial Airport, and for the covered slip area on the Bullfrog side. As these proved to be poor 

locations at which to find visitors who were exiting the park (only two groups left the covered 

slip area in one 2.5-hour sampling period, and none appeared at all at Hole in the Rock in one 3-

hour sampling period), these sites were not sampled further. 

 

 Different sites were sampled at different times of day (concession boat areas around midday 

when houseboats were due to return, public boat ramps in the mornings and later afternoons 

when boats were being withdrawn from the water) in order to maximize the number of groups 

available for sampling at those locations.  Furthermore, sampling was concentrated at the marina 

sites on weekends and beginnings and elsewhere midweek for the same reason.  Because some of 

the back country users exited at one of the marina sites, this approach did succeed in capturing a 

few back country users.  Many of these latter users, however, remained unsampled because of 

the difficulty of encountering them on their exit from the area and because their numbers were 

low during the sample period (back country users are most frequent in spring and fall). 

 

 Interviewers were distributed at the various sites each day, rotating on a random schedule to 

provide interviewer-random sampling at the sites and to avoid a given interviewer becoming a 

“fixture” at a given site. Site, location and time of interview were recorded for each interview. 

Groups were selected for approach according to two criteria: (1) they seemed to be exiting 

(packing vehicles, withdrawing boats, etc), and (2) they were doing this in one of the places 

available for such interviews.  Groups that seemed to be exiting but who could not be sampled, 

either because they were not present at one of the allowed locations, or because all interviewers 

were busy, were counted as unsampled. As mentioned above, about 59% of groups who seemed 

to be exiting during the sampling periods were approached, and of these groups, 92% consented 
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to give the interview (return rate = 92%, a phenomenally high rate, even for this kind of survey).  

In all, a single adult from each of 361 visitor groups was interviewed.  Three of these interviews 

were discontinued because the individual or group was associated with the park service or the 

concessionaires.  In addition, a number of groups were rejected because they had already been 

surveyed by another group that was conducting a user survey in the same area during the second 

week of the sample period.  These groups were not counted in the above numbers. 

   

 In order to adjust the sampling technique to prevailing conditions, during the first two days of 

the sampling period careful observation was made of visitor patterns, and on each subsequent 

survey day, interviewers inspected the various interview sites and distributed themselves so as to 

optimize the sampling properties and quality of the interviews completed.  Interviewers were 

trained in how to approach respondents in this setting using a role-playing technique, and the 

approach and interview technique was fine-tuned during the first few days of the survey period 

based on experiences of the interviewers and observations of the supervisor. 
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4.0 Results and Discussion 

 

 This section describes the major survey results that are directly relevant to FAA and NPS 

concerns.  The basic survey results are presented in Tables B1-B38 in Attachment 2.  Reference 

will be made to these tables for details of some points made in this section.  Statistical analyses 

will be reported where relevant and important. In particular 90% confidence intervals will be 

supplied for percentages where relevant and appended to the percentage as in the following 

example: 50% ± 4%.  This should be interpreted as “The percentage would fall between 46% and 

54% in 90% of such samples from this population.”  For all means except those whose 

confidence intervals are presented explicitly, the 90% confidence interval is the mean ± 0.1 (see 

Table B38).  Also, it should be remembered that statistical statements strictly pertain only to the 

population sampled during the sampling period. Generalizations to other populations and periods 

must be made with caution. 

 

4.1 Visitor Characteristics 

 

 Of the adults interviewed, 58.6% were male and 41.4% were female.  Consistent with 

NPS data and the 1990 EIS for the Cal Black Memorial Airport, visitor groups sampled 

originated mainly from two states (see Table B1): Utah (43.2%) and Colorado (40.7%).  The 

remainder of the sampled groups came from 15 other states from all regions of the U.S., with 

nearby states being most common (e.g., Arizona at 5.7% and New Mexico at 3.1%).  Most of the 

groups sampled had been in the region for 5 days or more (38% - Table B2).  Virtually all of the 

groups had been there for 2 days or more (98.9%). The majority of the groups stayed on a 

houseboat or cruiser (68.6%), and another large fraction camped on a beach reached by boat 

(21.6% - Table B3).  A few stayed in a campground (5.9%) or in Defiance House (2.2%).  Only 

one group sampled had stayed mostly in a back country camp.  Given that about 59% of 

available groups exiting the park during the sampling period were approached, and 92% of these 

gave interviews, it is unlikely that more than 2 such groups would have been available for 

interview during this period.  In spite of efforts to contact such groups (e.g., at the Hole-in-the-

Rock trail head) they were simply too dispersed to be located. Thus, although such groups do 

exist and use the back country in the vicinity of the Cal Black Airport (based on NPS and BLM), 

it is virtually impossible to locate or to contact them.  The back country users who could be 

contacted by mail, those who must obtain a permit for using the Escalante region, spend most of 

their time too far from the airport to be affected directly by operations, although some planes 

using the airport might overfly this region. 

 

 Among those sampled, enjoying the scenery (mean = 4.7) and boating (mean = 4.5) were 

by far the most important reasons for visiting this region of GCNRA (see Table B38 and Tables 

B4-B11).  However, enjoying natural soundscape and the sounds of nature was also a very 

important reason for visiting (mean = 4.0), whereas such activities as swimming (mean = 3.4) 

and camping (mean = 3.0) were only moderately important, and local (mean = 2.3) and back 

country (mean = 1.4) hiking were only slightly important.  Of course, given that boating was an 

important reason for coming to Glen Canyon, most visitors spent most of their time cruising on a 

boat (51.4% - Table B12), with another large group engaging in water sports such as water 

skiing, jet skiing and power boating (24.8%).  A third group spent most of their time relaxing at a 

beach or campsite (19.6%), whereas only 3 groups (0.9%) spent most of their time hiking.  Thus, 

although this sample of visitors clearly came to boat and to look, and did so, they also came 

significantly to listen, and questions about noise annoyance and interference with natural 
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soundscape are meaningful and appropriate for such a sample, in spite of the under-

representation of back country users. 

 

4.2 Aircraft Noise Annoyance 

 

 Questions 10-15 of the interview dealt with annoyance and aircraft audibility.  Although 

GCNRA is for the most part a very quiet place, there are many overflights per day of enroute jet 

aircraft (see EIS, 1990) and also a fair amount of general aviation, both associated with the two 

airports and also with a general aviation vector through the area (see EIS, 1990).  Almost three-

quarters of respondents reported hearing aircraft during their stay (72.5% - Table B27), 44% 

reported hearing low-flying aircraft (the type of interest for Cal Black operations), and 41.2% 

reported hearing high-flying aircraft.  The mean number of aircraft reported was 2.8 (±0.4), the 

mean number of low-flying aircraft was 1.1 (±0.2) and the mean number of high-flying aircraft 

was 1.6 (±0.3 - see Table B38).  Taken in the context of the average stay of over 4 days, the 

average visitor probably experienced less than one audible aircraft per day, and only one general 

aviation aircraft during the entire stay. 

 

 Questions 10, 11 and 12 provide a context in which to interpret Question 13, the crucial 

question that measured noise annoyance.  Question 10 was a free response question about 

annoyance by anything during the visit, and a minority of respondents reported being annoyed by 

anything (41.7% - Table B22).  Of the things that did annoy visitors, the most frequent things 

mentioned were jet skis (9.8%), other visitors (7.3%), boaters (5.9%), rangers (3.9%) and some 

natural factors like wind (3.6%) and animals (3.3%).  Non-aircraft noise sources were mentioned 

by 8 respondents (2.3%) but aircraft noise was not mentioned by anyone.  Of those who were 

annoyed by something, considerable annoyance was expressed: 33.4% (± 4.1%) reported 

moderate to extreme annoyance (Table B23).  Moderate to extreme annoyance with other visitors 

(11.3% ± 2.3% - Table B24) and with noise from boats (6.4% ± 2.1%) was also expressed in 

response to specific questions.  Thus, the respondents were willing to express annoyance, 

including annoyance with park rangers, to the interviewer, who was often perceived to be a park 

employee.  

 

 The responses to Question 13 are detailed in Table B26 but can be quickly summarized: 

very little aircraft noise annoyance was reported by these respondents.  Only 4.8% reported even 

the slightest degree of annoyance with aircraft noise (although 72.5% heard aircraft), and the 

percentage of those expressing moderate to extreme annoyance (the usual group identified as 

impacted in NPS noise impact surveys - see Report to Congress, 1994) was only 2.6% (± 1.4%). 

Only 1 of 357 respondents (0.3%) was extremely annoyed by an aircraft, and this apparently 

resulted from a low-flying aircraft buzzing a canyon - most probably not a direct result of the 

operation of Cal Black Airport.  This is considerably less annoyance than was reported from 

other sources, and implies that this sample of respondents did not perceive aircraft noise to be a 

significant source of annoyance.  These numbers compare favorably to the 1992 exit survey of 

GCNRA visitors (McDonald et al 1994) in which about 4% reported moderate or greater 

annoyance with aircraft noise during their visit.  

 

 An attempt was made to ascertain whether aircraft noise annoyance was associated with 

any particular factor on which data were available, in spite of the small number of respondents 

reporting annoyance (17), which renders conventional statistical treatment of cross-tabulations 

moot. Table 4.1 shows that only those who reported hearing aircraft reported being annoyed by 
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them, and it also shows that hearing more aircraft is not associated with reporting more 

annoyance.  

 

Table 4.1 Annoyance (Q13) by Number of Aircraft Heard (Q14) 

Number of 

Aircraft 

Heard 

Not at all 

Annoyed 

Slightly 

Annoyed 

Moder’ly 

Annoyed 

Very 

Annoyed 

Extremely 

Annoyed 

Totals 

0 98 0 0 0 0 98 

1 -5 204 7 4 3 0 218 

6-20 32 1 1 0 1 35 

21-42 6 0 0 0 0 6 

Totals 340 8 5 3 1 357 

 

 

There does seem to be a trend for those who heard more low-flying aircraft to report more 

annoyance (Table 4.2), but this doesn’t hold for high-flying aircraft (Table 4.3).  Note that the 

single extreme annoyance-reporter heard 6 high-flying aircraft. 

 

 

Table 4.2 Annoyance (Q13) by Number of Low-flying Aircraft Heard (Q14A) 

Number of 

Aircraft 

Heard 

Not at all 

Annoyed 

Slightly 

Annoyed 

Moder’ly 

Annoyed 

Very 

Annoyed 

Extremely 

Annoyed 

Totals 

0 196 4 0 0 0 200 

1-4 126 4 4 3 1 138 

5-25 18 0 1 0 0 19 

Totals 340 8 5 3 1 357 

 

Table 4.3 Annoyance (Q13) by Number of High-flying Aircraft Heard (Q14B) 

Number of 

Aircraft 

Heard 

Not at all 

Annoyed 

Slightly 

Annoyed 

Moder’ly 

Annoyed 

Very 

Annoyed 

Extremely 

Annoyed 

Totals 

0 200 4 3 3 0 210 

1-5 121 3 1 0 0 125 

6-42 19 1 1 0 1 22 

Totals 340 8 5 3 1 357 

 

 

 There seemed to be no clear relationship between where people spent their time in the 

region and how many were annoyed by Cal Black memorial Airport operations.  For example, of 

the 17 who reported annoyance on Question 13, only 4 had spent any time in Moki Canyon, 
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which is directly on the glide path for landings from the north, and on the climb path for takeoffs 

to the north.  Nine of the 17 who reported annoyance did spend some time in Escalante, 

including 3 of the 5 most annoyed.  However, 13 of the 17 annoyed spent time elsewhere as well, 

typically 30% or more of their time (10 of the 13 spent more than 2/3 of their time elsewhere).  

Since Escalante is the farthest of the regions asked about from the operating paths of the airport, 

because back country hiking is most prevalent there (although only 4 of 7 people who did back 

country hiking did it there), and because tour aircraft visiting Rainbow Bridge would overfly that 

area, it is possible that this weak trend represents interference of hikers’ experience by tour 

aircraft, rather than by operations at Cal Black Airport.  The single person who was most 

annoyed apparently was buzzed by an aircraft in Lake Canyon, again not a scenario directly 

associated with a Cal Black operation. 

 

 Finally, sex of respondent was not associated with either hearing aircraft or back country 

hiking, although it was weakly associated with reported aircraft annoyance: males tended to 

report more annoyance more often than females (Table 4.4; Maximum-Likelihood chi-square = 

10.6, df = 4, p = 0.03). 

 

 

Table 4.4 Annoyance (Q13) by Sex of Respondent 

Sex of 

Responden

t 

Not at all 

Annoyed 

Slightly 

Annoyed 

Moder’ly 

Annoyed 

Very 

Annoyed 

Extremely 

Annoyed 

Totals 

Male 196 4 5 3 0 208 

Female 121 4 0 0 1 126 

Totals 337 8 5 3 1 354 

 

 

 Question 15 was specifically designed to measure the annoyance of any visitors who had 

done any back country hiking during their stay.  Of the 358 respondents who answered this 

question, 24 (6.7% ± 2.2%) had done some back country hiking.  Of these hikers, only 7 (29.2%) 

reported hearing aircraft while they were in the back country. And of those 7, three (42.9%) 

reported being annoyed by hearing the aircraft, although only 1 reported being moderately or 

more annoyed. Table 4.5 presents the details of the annoyance reported by the respondents who 

reported back country hiking. 

 

 

 Table 4.5 Annoyance (Q15B) by Whether Heard Aircraft (Q15A) for Back Country Hikers 

Sex of 

Responden

t 

Not at all 

Annoyed 

Slightly 

Annoyed 

Moder’ly 

Annoyed 

Very 

Annoyed 

Extremely 

Annoyed 

Totals 

Did not 

hear 

aircraft 

17 0 0 0 0 17 

Heard 

aircraft 

4 2 1 0 0 7 

Totals 21 2 1 0 0 24 
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 Although correlation coefficients must be interpreted with caution because of variance 

compression (most cases reported a “1" on Question 13), responses to Question 13 were 

significantly (p < 0.05) correlated with several other variables, viz. amount of time spent in 

Escalante (0.14), importance of back country hiking (0.11), annoyance with other visitors (0.11) 

and negatively with enjoyment of other visitors (-0.12), annoyance by aircraft noise when heard 

planes while back country hiking (0.49), and interference with enjoyment of natural soundscape 

(0.61).  These correlations confirm the impression given above that even in this small sample, 

back country hikers are most likely to be annoyed by aircraft noise, although they represent a 

small minority of visitors.   Moreover, aircraft noise annoyance was significantly, although 

modestly, correlated with interference with natural soundscape by aircraft noise. 

 

4.3  Interference with Natural soundscape 

 

 The responses to Question 16, which specifically addressed interference with enjoyment 

of natural soundscape and the sounds of nature, were highly similar to those to Question 13.  

Tables B32-B37 presents the details of the responses to these questions.  To provide a context for 

these results, note again that enjoyment of natural soundscape was a very important reason why 

visitors came to Glen Canyon, and the majority (75.1% ± 3.8%) of respondents reported that they 

enjoyed it either quite a bit or extremely much (Table B18; mean = 4.1, Table B38).  Although 

they enjoyed the scenery (mean = 4.8) and boating (mean = 4.7) more, and those who camped 

enjoyed camping about the same (mean = 4.2), it is clear that respondents’ enjoyment of the 

natural soundscape of Glen Canyon was substantial.  Thus, it is not surprising to find that very 

few respondents reported much interference with their enjoyment of natural soundscape from 

any source.  Taking the usual NPS criterion for significant interference, that is, moderate or 

greater interference (see Report to Congress, 1994), the percentages reporting significant 

interference from various sources is presented in Table 4.6. 

 

 

Table 4.6 Moderate or Greater Interference with Natural soundscape by Noise Source 

Noise Source Response Frequency Response Percentage 90 % Confidence 

Interval ± 

percentage 

Boats 9 2.5 1.3 

Jet Skis 32 8.9 2.5 

Aircraft 3 0.8 0.8 

Generators 8 2.3 1.3 

Partying 12 3.4 1.6 

Other 1 0.3 0.5 

  

 Table 4.6 makes it clear that in this sample, reported interference with enjoyment of 

natural soundscape by aircraft was minimal. Significantly more interference with natural 

soundscape was reported from other sources, such as jet skis and partying.  Only 10 of 358 

respondents (2.8%) reported even the slightest degree of interference by aircraft noise, although 
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2 reported extreme interference.  These numbers are somewhat lower than found in the 1992 exit 

survey (8% - McDonald et al, 1994), and are also lower than the annoyance measured by 

Question 13.  The reasons for this are not clear, and could include variation in the conditions 

during the survey period, differences in the numbers of the most sensitive visitors (probably back 

country users), and sampling variation because of the very low numbers of respondents 

expressing annoyance or interference (the 1992 sample had 284 respondents, so 8% of them 

would be only about 23 who reported moderate or greater interference).  Interestingly, more of 

the present sample heard aircraft (72.5% versus 52%) but fewer reported moderate or greater 

annoyance (2.5% versus 4%) or interference with natural soundscape (0.8% versus 8%).  

However, since all of these values are fairly low and based on relatively small samples, the 

differences are probably not significant. 

 

4.4  Other Relevant Findings 

 

 Questions 7 and 8 of the interview asked what respondents liked most and least, 

respectively, about the Bullfrog/Halls Crossing region of Glen Canyon (see Tables B13 and 

B14).  In line with the importance of scenery as a reason to visit, 56.3% of respondents 

mentioned scenery as what they liked most.  Consistent with the overall positive experience that 

most visitors reported, 20.1% said that nothing at all was least liked about their experience.  Of 

those things that were disliked, crowding and other people ranked highest (21.8%).  No one at all 

mentioned any noise source as least liked, although 3.9% did mention jet skis, and noise from jet 

skis did interfere with natural soundscape for 8.9% of respondents when asked directly about 

them.  Importantly, no one mentioned noise from aircraft as the least liked thing, even the person 

who was extremely annoyed by the buzzing by a low-flying aircraft in a canyon.  
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5.0 Conclusions 

 

5.1  Findings Relevant to Court Decision and Supplemental EIS 

 

 The results of this survey indicate that at the present time, the vast majority of visitors to 

GCNRA are not experiencing significant adverse visitor experience from aircraft noise arising 

from the operation of Cal Black Memorial Airport.  Reported annoyance and interference with 

enjoyment of natural soundscape from aircraft noise was very low in this sample, although 

admittedly it is possible that there might be a greater impact for visitors who spend most of their 

time back country hiking, as indicated by the original EIS.  Of the surveyed back country hikers,  

some reported annoyance with aircraft noise, and, consistent with earlier surveys, there seemed 

to be somewhat more annoyance among those who valued back country hiking more, although 

not among those who valued natural soundscape more.  It seems reasonable to generalize these 

findings to the majority of visitors to GCNRA during the late spring, summer, and early fall 

months, but probably not to the minority who visit during the early spring and late fall in order to 

hike in the back country. 

 

 

 

5.2  Findings Relevant to NPS Concerns 

 

 The present survey confirms and extends the results of the previous exit survey of 

GCNRA and also of the previous surveys of aircraft noise impact in U.S. national parks (see 

NPS, 1994).  Enjoyment of natural soundscape and the sounds of nature is an important reason 

for visiting GCNRA, even for a population made up primarily of boaters.  Moreover, this 

population reported significant enjoyment of natural soundscape and the sounds of nature in 

GCNRA and a low level of interference with that enjoyment by aircraft noise (or any other 

source).  Thus, the goals of the NPS for this park seem to be at present being accomplished.  

However, back country users of GCNRA do seem to experience a greater level of impact by 

aircraft noise, as reported in previous surveys, and this will be a continuing concern in the NPS’s 

attempt to manage this park both for its primary purpose, water recreation, and for the 

maintenance of the natural soundscape that is so attractive to most visitors, whatever their 

primary reason for coming. 
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Attachment 1    Survey Instrument 
 

Glen Canyon National Recreation Area Visitor Survey 

OMB Control # 2120-0625 

 

Date ________________Time ______________Site _______________      Sex ___________ 

 

Introduction: “Hello (or excuse me sir/m’am).  My name is (interviewer name) and I work for Bridgenet 

Consulting Services.  We are conducting a scientific survey of how users of Glen Canyon National Recreation 

Area feel about their experiences in the area and would greatly appreciate a few minutes of your time.  Has 
anyone approached you previously about this interview? (If “Yes” terminate interview as below.)  Is this the 

last day of your visit to this area? (If “No” terminate interview as below). Are you 18 or older? (If group: Is 

anyone here 18 or older?)  Will you (if group: whichever of you adults has the next birthday) answer a few 

questions for us? Your responses to these questions will be taken anonymously.”   If answer is “Yes” proceed 

to Question 1; if answer is “No” say “Thanks anyway, enjoy your stay at Glen Canyon” and walk away. 

 

(1) What is the zip code where you live? _________________________ 

 

(2) For how many days have you been visiting this region of the park (for this and all following questions 

“this region of the park” refers to nearby canyons such as Moki, Forgotten, Lake and Hansen Canyons, Hole 

in the Rock trail, and Escalante)? 

 

 1 One day 

 2 Two days 

 3 Three days 

 4 Four days 

       5 Five or more days 

 

(3) During your visit to this region of the park, what kind of accommodation did you stay in? 

 

 1 Camped on a beach 

 2 In Defiance House Lodge or in a housekeeping unit  

 3 In a campground 

       4 In a backcountry camp 

       5 On a houseboat or cruiser 

       6 Other ____________________________ 

 

(4) Please estimate the percentage of your time spent in this region of the park at each of the following places: 

 

 1 Moki Canyon _____ 

 2 Lake Canyon _____ 

 3 Forgotten Canyon  _____ 

 4 Hansen Creek Canyon _____ 

 5 Hole in the Rock trail _____ 

 6 Escalante _____ 

 7 Other ____________________________________________________________ 
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(5) Please rate the importance of the following possible reasons for coming to this region of the park on the 

following scale:  1 not at all important 2 slightly important 3 moderately important 4 very 

important 5 extremely important 

 

 1 Boating      _______ 

 2 Swimming      _______ 

 3 Local hiking      _______ 

 4 Back-country hiking     _______ 

 5 Camping      _______ 

 6 Experiencing natural soundscape and sounds of nature  _______ 

 7 Enjoying the scenery     _______ 

 8 Some other reason? _____________________________________________ 

 

(6)  Which of the following activities did you do most  while visiting this region of the park? 

 

 1 Cruising on a boat      

 2 Water sport (waterski, pwc, powerboat)    

 3 Relaxing at a beach or campsite     

 4 Hiking        

 5 Some other activity _____________________________________________  

 

 

 

(7) What do you like most about this region of Glen Canyon? ____________________________ 

 

(8) What do you like least about this region of Glen Canyon? ____________________________ 

 

(9) Please tell us how much you have enjoyed each of the following aspects of your stay in this region of Glen 

Canyon on the following scale: 

 

 0 - did not do   1 - not at all 2 - somewhat 3 - moderately   4 - quite a bit   5 - extremely much 

   

 1 Boating/water activities           _____ 

 2 Hiking            _____ 

 3 Scenery           _____ 

 4 Natural soundscape and sounds of nature       _____ 

 5 Other visitors           _____ 

 6 Plants, animals, geology, and other natural features  _____ 

 7 Camping           _____ 

 

 

(10)  Have you been bothered or annoyed by anything while visiting this region of the park?  If answer was no 

skip to Question 11.  No = 1 in 10b  

 

  If answer was yes: 

 

(10a) What bothered or annoyed you? ____________________________________________________ 

        

 

 (10b) How bothered or annoyed were you by this problem?  Would you say you were  

  2 slightly annoyed, 

  3 moderately annoyed, 

  4 very annoyed, or 

  5 extremely annoyed? 
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(11) During your stay at Glen Canyon have you been bothered or annoyed by other visitors?  If answer was no 

skip to Question 12.  No = 1 

 
  If answer was yes: 

 

 How annoyed were you?  Would you say you were  

  2 slightly annoyed, 

  3 moderately annoyed, 

  4 very annoyed, or 

  5 extremely annoyed? 

 

(12) During your stay at Glen Canyon have you been bothered or annoyed by noise from boats?  If answer was 

no skip to Question 13.  No = 1 

 

  If answer was yes: 

    

 How annoyed were you?  Would you say you were  

  2 slightly annoyed, 

  3 moderately annoyed, 

  4 very annoyed, or 

  5 extremely annoyed? 

 

(13) During your stay at Glen Canyon have you been bothered or annoyed by noise from aircraft?  If answer 

was no skip to Question 14.  No = 1 

 

  If answer was yes: 

 

 How annoyed were you?  Would you say you were  

  2 slightly annoyed, 

  3 moderately annoyed, 

  4 very annoyed, or 

  5 extremely annoyed? 

 

(14) During your stay at Glen Canyon did you ever hear an aircraft?  If answer is no skip to Question 15.  No=0 

 

  If answer was yes: 

 

 How often would you say you heard an aircraft? ____________ 

 

 (14a) Was (were) the aircraft you heard  

  1 low flying?   How many times did you hear such aircraft?   _______   

  2  high flying? How many times did you hear such aircraft?   _______    
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(15) During your stay at Glen Canyon have you done any back-country hiking?  If answer was no skip to 

Question 16.  No = 1 Yes = 2 

 

  If answer was yes: 

    

 

(15a) During your time in the back-country, did you ever hear an aircraft? If answer was no skip to 

Question 16.  No = 1 Yes = 2 

 

  If answer was yes: 

 

 (15b) Did hearing the aircraft bother or annoy you? If answer was no skip to Question 16. No = 1. 

 

  If answer was yes: 

 

 How annoyed were you?  Would you say you were  

  2 slightly annoyed, 

  3 moderately annoyed, 

  4 very annoyed, or    

   

  5 extremely annoyed? 

 

(16) During your stay at Glen Canyon have you felt that noise has interfered with your enjoyment of natural 

soundscape and the sounds of nature?  If answer was no skip to end.  No = 1 in all slots 

 

  If answer was yes: 

 

 What kind of noise was it that interfered?  Was it   (No = 1) 

  1 noise from boats _____ 

  2 noise from personal watercraft _____ 

  3 noise from aircraft _____ 

  4 noise from generators _____ 

  5 people talking or partying  _____ 

  6 some other noise ___________________________________ 

    

For each category above that receives a “Yes” ask “How much did it interfere?” using the scale below: 

 

  How much did it interfere?  Would you say it interfered     

  2 slightly  

  3 moderately  

  4 very much, or 

  5 extremely?  

 

 

END: “Thank you very much for your help with this survey.  Do you have any questions, or would you like to 

see a statement that explains why this survey is being done?  If “Yes” to latter question, present OMB debriefing 

form and when finished retrieve form, say “Thanks again for your time,” and walk away.  If “No” say “Thanks 

again for your time,” and walk away.” 
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Attachment 2     Summary Tables of Interview Responses 

 

 Most of the tables in this Appendix report the numbers and percentages of 

respondents who gave each answer to each of the questions in the interview.  The number 

of respondents on which the percentages are based vary slightly with the question 

because of contingent questions and occasional missing responses and are reported 

separately for each question.  Table B33 reports the mean, minimum, maximum and 

standard deviation of responses only to those questions for which these measures are 

meaningful.  Responses to Question 4 are summarized only in Table B33. 

 

 

Table B1   Responses to Question 1:  What is the zip code where you live?  

States / Zip Codes Response Frequency Response Percentage 

Arizona 85000-85999 10 5.7 

California 90000-96099 7 2.0 

Colorado 80000-81999 144 40.7 

Georgia 30000-31999 1 0.3 

Idaho 83000-83999 8 2.3 

Illinois 60000-62999 2 0.6 

Michigan 48000-49999 1 0.3 

Montana 59000-59999 1 0.3 

Nebraska 68000-69999 2 0.6 

Nevada 89000-89999 3 0.8 

New Mexico 87000-88999 11 3.1 

New York 10000-14999 2 0.6 

Ohio 43000-45999 1 0.3 

Oregon 97000-97999 1 0.3 

Utah 84000-84999 153 43.2 

Washgtn/Alska 98000-99999 3 0.8 

Wyoming 82000-82999 4 1.1 

Totals 354 100.0 
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Table B2  Responses to Question 2:  For how many days have you been visiting this 

region of the park (for this and all following questions “this region of the park” refers to 

nearby canyons such as Moki, Forgotten, Lake and Hansen Canyons, Hole in the Rock 

trail, and Escalante)? 

Number of Days Response Frequency Response Percentage 

One day 4 1.1 

Two days 34 9.5 

Three days 83 23.2 

Four days 101 28.2 

Five or more days 136 38.0 

Totals 358 100.0 

 

 

 

 

 

Table B3  Responses to Question 3:  During your visit to this region of the park, what 

kind of  

accommodation did you stay in? 

Accommodation Response Frequency Response Percentage 

Camped on a beach 77 21.6 

In Defiance House Lodge or 

in a housekeeping unit 

8 2.2 

In a campground 21 5.9 

In a backcountry camp 1 0.3 

On a houseboat or cruiser 245 68.6 

Other 5 1.4 

Totals 357 100.0 
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Tables B4-B11  Responses to Question 5:  Please rate the importance of the following 

possible reasons for coming to this region of the park. 

 

Table B4 5.1  Boating 

Importance Response Frequency Response Percentage 

Not at all important 7 2.0 

Slightly important 7 2.0 

Moderately important 32 9.0 

Very important 50 14.0 

Extremely important 260 73.0 

Totals 356 100.0 

 

Table B5 5.2  Swimming 

Importance Response Frequency Response Percentage 

Not at all important 38 10.7 

Slightly important 49 13.8 

Moderately important 100 28.1 

Very important 84 23.6 

Extremely important 85 23.9 

Totals 356 100.0 

 

Table B6 5.3  Local hiking     

Importance Response Frequency Response Percentage 

Not at all important 147 41.4 

Slightly important 56 15.8 

Moderately important 85 23.9 

Very important 47 13.2 

Extremely important 20 5.6 

Totals 355 100.0 
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Table B7 5.4  Back-country hiking  

Importance Response Frequency Response Percentage 

Not at all important 284 80.0 

Slightly important 32 9.0 

Moderately important 24 6.8 

Very important 12 3.4 

Extremely important 3 0.8 

Totals 355 100.0 

 

 

Table B8 5.5  Camping      

Importance Response Frequency Response Percentage 

Not at all important 111 31.3 

Slightly important 22 6.2 

Moderately important 57 16.1 

Very important 70 19.7 

Extremely important 95 26.8 

Totals 355 100.0 

 

 

Table B9 5.6  Experiencing natural soundscape and sounds of nature 

Importance Response Frequency Response Percentage 

Not at all important 31 8.7 

Slightly important 19 5.4 

Moderately important 45 12.7 

Very important 91 25.6 

Extremely important 169 47.6 

Totals 355 100.0 
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Table B10 5.7 Enjoying the scenery   

Importance Response Frequency Response Percentage 

Not at all important 2 0.6 

Slightly important 3 0.8 

Moderately important 7 2.0 

Very important 59 16.7 

Extremely important 283 79.9 

Totals 354 100.0 

 

Table B11 5.8 Some other reason? 

 

Importance Response Frequency Response Percentage 

Not at all important 3 3.9 

Slightly important 3 3.9 

Moderately important 10 13.0 

Very important 10 13.0 

Extremely important 51 66.2 

Totals 77 100.0 

 

Table B12  Responses to Question 6:  Which of the following activities did you do most  

while visiting this region of the park? 

Activity Response Frequency Response Percentage 

Cruising on a boat 168 51.4 

Water sport (waterski, pwc, 

powerboat) 

81 24.8 

Relaxing at a beach or 

campsite 

64 19.6 

Hiking  3 0.9 

Some other activity 11 3.4 

Totals 327 100.0 
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Table B13  Responses to Question 7:  What do you like most about this region of Glen 

Canyon?  

Response Category Response Frequency Response Percentage 

Scenery/Beauty 201 56.3 

Weather 27 7.5 

Water 32 8.9 

Fishing 14 3.9 

Quiet/Solitude/Serenity etc. 24 6.7 

Boating 8 2.2 

Rangers 2 0.1 

All others 50 14.4 

Totals 358 100.0 

 

 

 

Table B14  Responses to Question 8:  What do you like least about this region of Glen 

Canyon?  

Response Category Response Frequency Response Percentage 

Nothing 72 20.1 

Crowded/People 78 21.8 

Boats/Boaters 8 2.2 

Houseboats 7 2.0 

Jetskis 14 3.9 

Fees/Prices 20 5.6 

Water 13 3.6 

Wind 34 9.5 

Pollution 5 1.4 

Rangers 7 2.0 

All others 100 27.9 

Totals 358 100.0 
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Tables B15-B21  Responses to Question 9.1-9.7:   Please tell us how much you have 

enjoyed each of the following aspects of your stay in this region of Glen Canyon. 

 

Table B15  9.1 Boating/water activities          

  

Enjoyed Response Frequency Response Percentage 

Did not do 1 0.3 

Not at all 3 0.8 

Slightly 1 0.3 

Moderately  11 3.1 

Quite a bit 54 15.1 

Extremely much 287 80.4 

Totals 357 100.0 

 

Table B16   9.2 Hiking 

Enjoyed Response Frequency Response Percentage 

Did not do 148 41.6 

Not at all 27 7.6 

Slightly 45 12.6 

Moderately  56 15.7 

Quite a bit 46 12.9 

Extremely much 34 9.6 

Totals 356 100.0 

 

Table B17 9.3 Scenery  

Enjoyed Response Frequency Response Percentage 

Did not do 2 0.6 

Not at all 2 0.6 

Slightly 2 0.6 

Moderately  18 5.0 

Quite a bit 38 10.6 

Extremely much 295 82.6 

Totals 357 100.0 
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Table B18 9.4 Natural soundscape and sounds of nature  

Enjoyed Response Frequency Response Percentage 

Did not do 7 2.0 

Not at all 14 3.9 

Slightly 18 5.0 

Moderately  50 14.0 

Quite a bit 96 26.9 

Extremely much 172 48.2 

Totals 357 100.0 

 

 

Table B19 9.5 Other visitors 

Enjoyed Response Frequency Response Percentage 

Did not do 91 25.6 

Not at all 57 16.0 

Slightly 42 11.8 

Moderately  77 21.6 

Quite a bit 48 13.5 

Extremely much 41 11.5 

Totals 356 100.0 

 

 

Table B20 9.6 Plants, animals, geology, and other natural features  

Enjoyed Response Frequency Response Percentage 

Did not do 20 5.6 

Not at all 9 2.5 

Slightly 23 6.4 

Moderately  59 16.5 

Quite a bit 98 27.5 

Extremely much 148 41.5 

Totals 357 100.0 

 

 



GCNRA User Survey    
Appendix G - Cal Black Memorial Airport Draft Supplemental EIS  

A-31 

 

 

Table B21 9.7 Camping 

Enjoyed Response Frequency Response Percentage 

Did not do 110 31.2 

Not at all 7 2.0 

Slightly 3 0.8 

Moderately  40 11.4 

Quite a bit 78 22.2 

Extremely much 114 32.4 

Totals 352 100.0 

 

 

 

Table B22  Responses to Question 10a:  Have you been bothered or annoyed by anything 

while visiting this region of the park? What bothered or annoyed you?  

Source of Annoyance Response Frequency Response Percentage  

Jet skis 35 9.8 

Rangers 14 3.9 

Fees, prices 9 2.5 

Other visitors 26 7.3 

Staff 7 2.0 

Wind 13 3.6 

Animals, bugs 12 3.3 

Boaters 21 5.9 

Houseboats 4 1.1 

Non-aircraft noise 8 2.3 

Aircraft noise 0 0.0 

Nothing 208 58.3 

Totals 357 100.0 
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Table B23  Responses to Question 10b: How bothered or annoyed were you by this 

problem?   

Annoyance Response Frequency Response Percentage 

Not at all annoyed 190 53.4 

Slightly annoyed 47 13.2 

Moderately annoyed 57 16.0 

Very annoyed 21 5.9 

Extremely annoyed 41 11.5 

Totals 356 100.0 

 

 

Table B24  Responses to Question 11: During your stay at Glen Canyon have you been 

bothered or annoyed by other visitors?  

Annoyance Response Frequency Response Percentage 

Not at all annoyed 278 77.8 

Slightly annoyed 39 10.9 

Moderately annoyed 12 3.4 

Very annoyed 10 2.8 

Extremely annoyed 18 5.1 

Totals 357 100.0 

 

 

Table B25  Responses to Question 12: During your stay at Glen Canyon have you been 

bothered or annoyed by noise from boats?  

Annoyance Response Frequency Response Percentage 

Not at all annoyed 298 83.5 

Slightly annoyed 36 10.1 

Moderately annoyed 13 3.6 

Very annoyed 3 0.8 

Extremely annoyed 7 2.0 

Totals 357 100.0 
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Table B26  Responses to Question 13: During your stay at Glen Canyon have you been 

bothered or annoyed by noise from aircraft? 

Annoyance Response Frequency Response Percentage 

Not at all annoyed 340 95.2 

Slightly annoyed 8 2.2 

Moderately annoyed 5 1.4 

Very annoyed 3 0.9 

Extremely annoyed 1 0.3 

Totals 357 100.0 

 

Table B27  Responses to Question 14: During your stay at Glen Canyon did you ever 

hear an aircraft? How often would you say you heard an aircraft? 

Number of Times Response Frequency Response Percentage 

0 98 27.5 

1-5 218 61.0 

6-10 29 8.1 

11-20 6 1.8 

21-30 5 1.5 

42 1 0.3 

Totals 357 100.0 

 

Table B28   Responses to Question 14a1: Was (were) the aircraft you heard low flying? 

How many times did you hear such aircraft? 

Number of Times Response Frequency Response Percentage 

0 200 56.0 

1-5 145 40.6 

5-10 9 2.5 

11-20 2 0.6 

25 1 0.3 

Totals 357 100.0 
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Table B29   Responses to Question 14a2: Was (were) the aircraft you heard high flying? 

How many times did you hear such aircraft?  

Number of Times Response Frequency Response Percentage 

0 210 58.8 

1-5 125 35.1 

6-10 14 4.0 

11-20 7 2.0 

42 1 0.3 

Totals 357 100.0 

 

 

Table B30   Responses to Question 15: During your stay at Glen Canyon have you done 

any back-country hiking? 

Response Response Frequency Response Percentage 

No 333 93.3 

Yes 24 6.7 

Totals 357 100 

 

 

Table B31   Responses to Question 15a: During your time in the back-country, did you 

ever hear an aircraft?  (Only respondents who answered to Question 15) 

Response Response Frequency Response Percentage 

No 17 70.8 

Yes 7 29.2 

Totals 24 100.0 

 

 

Table B32   Responses to Question 15b:  Did hearing the aircraft bother or annoy you?  

Annoyance Response Frequency Response Percentage 

Not at all annoyed 4 57.1 

Slightly annoyed 2 28.6 

Moderately annoyed 1 14.3 

Very annoyed 0 0 

Extremely annoyed 0 0 

Totals 7 100 
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Tables B32-B37   Responses to Question 16.1-16.6:  During your stay at Glen Canyon 

have you felt that noise has interfered with your enjoyment of natural soundscape and the 

sounds of nature? 

 

Table B32 16.1 Noise from boats 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 337 94.1 

Slightly 12 3.4 

Moderately 8 2.2 

Very much 1 0.3 

Extremely 0 0.0 

Totals 358 100.0 

 

Table B33 16.2 Noise from personal watercraft 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 309 86.3 

Slightly 17 4.8 

Moderately 18 5.0 

Very much 6 1.7 

Extremely 8 2.2 

Totals 358 100.0 

 

Table B34 16.3 Noise from aircraft 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 348 97.2 

Slightly 7 2.0 

Moderately 1 0.3 

Very much 0 0.0 

Extremely 2 0.5 

Totals 358 100.0 
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Table B35 16.4 Noise from generators 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 346 96.6 

Slightly 4 1.1 

Moderately 5 1.4 

Very much 1 0.3 

Extremely 2 0.6 

Totals 358 100.0 

 

  

Table B36 16.5 People talking or partying 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 333 93.0 

Slightly 13 3.6 

Moderately 6 1.7 

Very much 2 0.6 

Extremely 4 1.1 

Totals 358 100.0 

 

Table B37 16.6 Some other noise 

Interfered with Nat Quiet Response Frequency Response Percentage 

Not at all 357 99.7 

Slightly 0 0.0 

Moderately 0 0.0 

Very much 0 0.0 

Extremely 1 0.3 

Totals 358 100.0 
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Table B38 Statistics for questions for which they are meaningful (continued next 

page) 

Question Valid   

N 

Mean 

Response 

Minimum 

Response 

Maximum 

Response 

Standard 

Deviation 

90% 

Confidence 

Interval: 

mean ± 

Q4.1 Moki 358 11.6 0 100 22.5 1.9 

Q4.2 Lake 358 4.7 0 100 14.4 1.2 

Q4.3 Forgot 358 5.2 0 90 13.5 1.2 

Q4.4 Hansen 358 8.0 0 100 21.2 1.8 

Q4.5 Hole 358 1.4 0 100 8.5 0.7 

Q4.6 Esclnte 358 10.7 0 100 24.3 2.1 

Q4.7 Other 358 58.4 0 100 37.3 3.2 

Q5.1 boat 356 4.5 1 5 0.9 0.1 

Q5.2 swim 356 3.4 1 5 1.3 0.1 

Q5.3 local  355 2.3 1 5 1.3 0.1 

Q5.4 back  355 1.4 1 5 0.8 0.1 

Q5.5 camp 355 3.0 1 5 1.6 0.1 

Q5.6 quiet 355 4.0 1 5 1.3 0.1 

Q5.7 scenery 354 4.7 1 5 0.6 0.1 

Q5.8 other 76 4.4 1 5 1.0 0.2 

Q9.1 boat 356 4.7 1 5 0.6 0.1 

Q9.2 hiking 208 3.1 1 5 1.3 0.1 

Q9.3 scenery 355 4.8 1 5 0.6 0.1 

Q9.4 quiet 350 4.1 1 5 1.1 0.1    

Q9.5 visitors 265 2.9 1 5 1.3 0.1 

Q9.6 nature 337 4.0 1 5 1.1 0.1 

Q9.7 camp 242 4.2 1 5 1.0 0.1 

Q10b annoy 356 2.1 1 5 1.4 0.1 

Q11 visitors 357 1.5 1 5 1.0 0.1 

Q12 boat nse 357 1.3 1 5 0.7 0.1 

Q13 air nse 357 1.1 1 5 0.4 0.1 

Q14 heard air 357 2.8 0 42 4.6 0.4 
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Q14a low 357 1.1 0 25 2.3 0.2 

Q14b high 357 1.6 0 42 3.5 0.3 

Q15b backair 7 1.6 1 5 0.8 0.5 

Q16.1 boats 358 1.1 1 5 0.4 0.1 

Q16.2 jetski 358 1.3 1 5 0.8 0.1 

Q16.3 air  358 1.0 1 5 0.3 0.1 

Q16.4 gentrs 358 1.1 1 5 0.4 0.1 

Q16.5 people 358 1.1 1 5 0.6 0.1 

Q16.6 other 358 1.0 1 5 0.2 0.1 
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1. SUMMARY 
 

The Federal Aviation Administration (FAA) prepared this Main Noise Analysis for the 

Supplemental Environmental Impact Statement (SEIS) in response to the 1993 court decision 

commonly known as National Parks and Conservation Association vs. Federal Aviation 

Administration.  Since the original EIS, the FAA has prepared guidance for considering aircraft 

noise exposure impacts to national parks and other sensitive parks, titled FAA Guidance on 

Procedures for Evaluating the Potential Noise Impacts of Airport Improvement Projects on 

National Parks and Other Sensitive Park Environments, Version 1.0 published in June 2007 

(herein referred to as FAA’s Sensitive Park Environment Noise Guidance).
1
  The SEIS will address 

the effects on noise in Glen Canyon National Recreation Area (GCNRA) from the closure of the 

old Halls Crossing Airport, and the opening and use of the replacement Cal Black Memorial 

Airport.  Because of the proximity between Bull Frog Basin Airport (also located in GCNRA) and 

the Cal Black Memorial Airport, this third airport is also considered. 

 

This Main Noise Analysis was conducted in accordance with the FAA’s Sensitive Park 

Environment Noise Guidance, including approval of the process by the FAA’s Office of 

Environment and Energy.  In the first step in this process, the FAA’s Third Party Independent 

Consultant prepared an initial screening analysis.  That analysis, documented in Section 2.2 of this 

report, identified the loudest aircraft that operates at the Cal Black Memorial Airport and flies at 

an altitude of approximately 10,000 feet above ground level or higher.  For Cal Black Memorial 

Airport, the Cessna Citation (CJ3), which operates at the Airport once or twice per month, meets 

this criterion.  A circle was created around the Airport that shows the area within which the CJ3 

operates until reaching an altitude of 10,000 feet.  This same circle approach was then also applied 

to the closed Halls Crossing Airport, and the combined area was used to identify the Initial Area 

of Investigation (IAI), shown in Figure A.1.  The screening analysis of noise in the IAI indicated 

that a change in exposure of 3 dBA occurred when comparing the Day-Night Average Level 

(DNL) and maximum sound level (Lmax) at Cal Black Memorial Airport to the closed Halls 

Crossing Airport for the.  Because the 3 dBA threshold was exceeded, the need for additional 

analysis was triggered. 

 

Pursuant to FAA’s Sensitive Park Environment Noise Guidance, a formal protocol was then 

prepared for the Main Noise Analysis. The 2012 Cal Black Memorial Airport SEIS Noise 

Protocol (provided in Attachment A) specified for the following work to be completed: a) a  

                                                           
1 This guidance provides FAA regional offices with appropriate methodology and procedures for evaluating 

agency actions that could affect the sound environments of National Parks and other eligible 4(f)/303c and cultural 

properties. The guidance is intended for use on actions sponsored by the FAA Office of Airports in compliance 

with the National Environmental Policy Act.  The information and procedures presented in the guidance 

provide the best available approach to airport supplemental noise analyses of park overflights. Use of the 

guidance has been coordinated with the Office of Airport Planning and Programming, Planning and 

Environmental Division (APP-400) and the Office of Environment and Energy (AEE), consistent with 

the standards set forth in FAA Order 1050.1E (Appendix A, Section 14.5g) and FAA Order 5050.4B. 
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Figure A.1 Airport Location and Area of Investigation

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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standard airport noise analysis (using Day-Night Average Sound Level - DNL contours) and b) 

supplemental metrics analysis using a number of metrics. 

 

For the area within the IAI, the Main Noise Analysis was designed to identify: 

• Standard airport noise exposure contours using DNL 

• Supplemental metrics 

� +/- 3dB change of exposure for single event loudness (Lmax) for aircraft operations 

due to the opening of Cal Black Memorial Airport; 

� +/- 5 dB change of exposure for cumulative noise descriptions between existing 

ambient and 60 dB (for the DNL and Leq – equivalent sound level); 

� +/- 3 dB change of exposure for cumulative noise descriptors between 60-65 dB 

(DNL); 

� +/- 1.5 dB change of exposure for cumulative noise descriptors above 65 dB (DNL); 

� Time Above Ambient (TAA) using existing ambient noise levels; and 

� Number of Events/day Above Ambient (NAA) using existing ambient noise levels. 

 

There are three airports in the IAI. The analysis was conducted first for only aircraft operations at 

each of these airports: the now closed Halls Crossing Airport, Bull Frog Airport, and Cal Black 

Memorial Airport. Operations to and from Bull Frog Airport are considered in the analysis for 

both the now closed Halls Crossing Airport and Cal Black Airport (see Section 3.3 Noise Modeling 

Methodology). Further analysis was then conducted to assess cumulative aircraft noise levels by 

adding enroute traffic flying at elevations greater than 18,000 feet mean sea level (MSL) over the 

GCNRA.  

 

The conclusions of this analysis, which considered conditions in year 2010 and year 2030, are: 

 

Standard Noise Contour Analysis 

• The 65 DNL and greater noise contours for Cal Black Memorial Airport fall entirely on 

airport property, which is Bureau of Land Management (BLM) land and outside of the 

GCNRA.  The closed Halls Crossing Airport noise contour fell on airport property that was 

entirely within the GCNRA.  A significant noise change, as defined by a 1.5 DNL increase 

has not occurred within the 65 DNL contour when comparing the Cal Black Airport (With 

Project) to the old Halls Crossing Airport (No Action).  Thus, a significant noise level 

change has not occurred. 
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Supplemental Grid Point Noise Analysis 

• In areas close-in to each airport, the supplemental metrics show that the substantial 

majority of the change of exposure reductions are within the GCNRA, while the majority 

of noise increases occur outside the GCNRA.  

• While the number of areas exposed to aircraft above ambient within the GCNRA has been 

reduced with the opening of the Cal Black Memorial Airport, there are areas of the park 

that have received increased noise above the change of exposure thresholds.   

• The cumulative noise (noise from the individual airports plus that of enroute flights that 

fly over the GCNRA that are operating to/from other airports) is highest near the airports 

evaluated in the study.  The cumulative change in exposure noise analysis shows conditions 

similar to the noise associated with local aircraft activity only at the project airports (i.e., 

without the enroute overflight noise contributions). 

 

Attachment A to this document includes the 2012 Cal Black Memorial Airport SEIS Noise 

Protocol. This Protocol provided the guidelines used for noise analysis in this report.  Attachment 

B, which was prepared at the request of the National Park Service (NPS), includes analysis of the 

same noise metrics as this report, but uses the Lnat (natural ambient) metric for ambient instead of 

L50 ambient. The Lnat is a calculated noise metric that is intended to represent the sound level of 

all natural sounds in a given area, excluding all mechanical, electrical and other human-caused 

sounds. Attachment C includes The Glen Canyon National Recreation Area and Rainbow Bridge 

National Monument Acoustic Inventory (2010).  This study contains a separate NPS analysis of 

four ambient measurement sites in this report and includes additional ambient noise measurement 

data from GCNRA and other nearby parks.   

 

 

2. BACKGROUND 
 

This Noise Analysis is part of the SEIS being prepared for Cal Black Memorial Airport.  The area 

surrounding Cal Black Memorial Airport consists of two specific characteristics: 1) an airport 

setting and 2) the GCNRA with concerns of natural quiet.  Therefore, the analysis was prepared 

subject to a Noise Analysis Protocol that was approved by the FAA Office of Environment and 

Energy in accordance with procedures in the FAA Sensitive Park Environment Noise Guidance.  

 

2.1 Inventory 
 

This section presents a description of facilities and conditions for the existing No Action and With 

Project scenarios.  The No Action Scenario includes the now closed Halls Crossing Airport (which 

was closed in 1992) and Bullfrog Basin Airport.  The With Project scenario includes Cal Black 

Memorial Airport (which replaced Halls Crossing) and Bullfrog Basin Airport.  The inventory 

information was used in conducting the initial screening analysis as well as the detailed noise analysis. 

Figure A.1 shows the airport locations. 
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2.1.1 Cal Black Memorial Airport 

 

Cal Black Memorial Airport was opened in 1992 as a replacement for closed Halls Crossing Airport.  

The Airport, operational now for 20 years, is located in the Southern region of Utah. The Airport is 

situated on approximately 382 acres of BLM land.  The Airport is located just to the south of the 

GCNRA, less than one mile from the southern boundary of the recreation area.  The Airport is 20 miles 

east of Halls Crossing, Utah.  The San Juan County Commission is responsible for the operational and 

development needs of the Airport, as well as the compliance with all Federal and state regulations, 

which pertain to the operation of the Airport.  The day-to-day operation of the Airport is the 

responsibility of a Fixed Base Operator (FBO)/manager at the Airport. 

 

The primary users of Cal Black Memorial Airport are small single-engine piston aircraft, including the 

NPS that flies from Bull Frog Airport, located in GCNRA, to Cal Black Memorial Airport.  Cal Black 

Memorial Airport currently serves general utility aircraft, and a limited number of business jets.  

In 2010, there were 1,371 operations at Cal Black Memorial Airport, or an approximate average 

of four operations per day (two arrivals and two departures) over the year.  Approximately 83% of 

the operations are by single-engine piston aircraft. The remaining 17% of the operations are by 

multi-engine piston aircraft, helicopter, and jet.  All of the operations at Cal Black Memorial 

Airport occur during daytime hours, which for the purposes of this study are defined as 7:00 a.m. 

– 10:00 p.m. 

 

Table 1 shows a breakdown of aircraft operations by the category of aircraft used when conducting 

the modeling of noise using the FAA’s Integrated Noise Model, often referred to as the aircraft 

fleet mix. Approximately 365 operations (27% of arrivals and departures) are conducted by the 

NPS using a single-engine piston Cessna 206 aircraft that primarily flies to and from Bullfrog 

Airport to deliver supplies, as well as to NPS offices located in Page, Arizona. 

 

 

Table 1 

Existing Annual Operations by Aircraft Category for No Action and With Project Airports 

Cal Black Memorial Supplemental Environmental Impact Statement 

Aircraft Category 

2010 Annual Aircraft Operations 

Cal Black Memorial Bullfrog Basin Halls Crossing (Closed) 

Single Engine Propeller 1,137 1,344 1,137 

Multi Engine Propeller 151 178 151 

General Aviation Jet 14 16 0 

Helicopters       69       82       69 

     Total 1,371 1,620 1,357 
Source: Mead & Hunt, 2011 
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There is one runway at Cal Black Memorial Airport, Runway 1/19 that is 5,700 feet long and a 

connecting taxiway.  The majority of operations use Runway 19, arriving from the north and departing 

to the south approximately 80% of the time.  The remaining 20% of the time aircraft use Runway 1, 

arriving from the south and departing to the north.  

 

Aircraft arrive and depart from the airport to locations from the north, south, east and west, and flight 

tracks were developed to model the aircraft flight paths.  The paths are shown in Figure A.2.  Aircraft 

are assumed to arrive and depart on the eastern paths 40% of the time, northern paths 30% of the time, 

southern paths 20% of the time and western paths 10% of the time.  The flight track assumptions were 

based on locations of ground-based navigational aids,  the airspace around the airports, and discussions 

with on-site airport personnel.  

 

Flight tracks to and from the project airports were constructed using these sources in addition to typical 

approach and departure flight tracks flown by the aircraft types in this study at airports with similar 

characteristics including runway length and field altitude.  Aircraft Situational Display to Industry 

(ASDI) data was also gathered for all of 2010, which included aircraft flights within the vicinity of the 

IAI that were operating under Instrument Flight Rules (IFR).  ASDI data collects information on 

aircraft that file an IFR flight plan.   Aircraft that fly to and from the project airports typically operate 

under visual flight rules (VFR)and operate in an area with rugged terrain that makes radar tracking of 

aircraft difficult.  Low altitude flight track data (for those aircraft that use only VFR) within the IAI is 

not available because there is no local terminal area radar coverage and aircraft operating under VFR 

are not picked up in the ASDI system.   

 

2.1.2 Bullfrog Basin Airport 

 

Bullfrog Basin Airport, which is owned by the National Park Service, is located within the 

GCNRA. It is situated at an elevation of approximately 4,167 feet above mean sea level, covers 

42 acres, and is located five miles north of Lake Powell and the Bullfrog Marina.  The primary 

users at Bullfrog Basin Airport are small single-engine piston aircraft, including the National Park 

Service that flies from Bull Frog Airport to Cal Black Memorial Airport.  

 

In 2010, there were 1,620 operations at Bullfrog Airport, an average of four operations per day (2 

arrivals and 2 departures) over the year.  Approximately 83% of the operations are by single-engine 

piston aircraft. The remaining 17% of the operations are by multi-engine piston aircraft, helicopter, 

and jet, in that order.  All of the operations at Bullfrog occur during daytime hours. 

 

Table 1 shows a breakdown of aircraft operations by the Integrated Noise Model category of 

aircraft. Of these annual operations, approximately 400 are conducted by the NPS using a single 

piston-engine Cessna 206 aircraft that primarily flies to and from Cal Black Memorial Airport to 

deliver supplies, as well as to NPS offices located in Page, Arizona. 

 



")p

")p

")p

Bullfrog Basin

Old Halls (Closed)
Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

 August 2013

Page 7

Legend
Flight Tracks

Arrival

Departure

")p Airport Locations

Area of Investigation

National Park Service Boundary

Figure A.2 INM Flight Tracks for No Project and With Project Airports 

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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There is one runway at Bullfrog Airport, Runway 1/19 that is 3,500 feet long.  The majority of 

operations use Runway 19, arriving from the north and departing to the south approximately 90% of 

the time.  The remaining 10% of the time aircraft use Runway 1, arriving from the south and departing 

to the north.  The aircraft are assumed to arrive and depart on the eastern paths 10% of the time, 

northern paths 30% of the time, southern paths 20% of the time and western paths 40% of the time. 

These paths are shown in Figure A.2. The same sources of data referenced in Section 2.1.1 were used 

to develop these assumptions. 

 

2.1.3 Halls Crossing Airport (closed) 

 

Halls Crossing Airport was closed in 1992 with the commissioning of Cal Black Memorial Airport.  

Because it is not possible to directly compare an actual/current condition for the closed Halls 

Crossing Airport, which has been closed for nearly 20 years, with that of the replacement airport 

(Cal Black Memorial Airport), a surrogate scenario was developed.  For purposes of the Noise 

Analysis, Halls Crossing Airport is typically referred to as “closed Halls Crossing Airport.”  

 

For the Existing Conditions No Action scenario, it is assumed that the operations at closed Halls 

Crossing  would be the same as the actual 2010 operations that occurred at Cal Black Memorial 

Airport, with one exception.  The length of the runway at the closed Halls Crossing Airport was 

too short to accommodate jets. Thus, the actual 2010 activity minus the jets represents the surrogate 

existing activity at closed Halls Crossing Airport.  The study assumes that in 2010, there were 

1,357 operations at Halls Crossing Airport, or approximately four operations per day. 

 

Table 1 shows the number of aircraft operations by the Integrated Noise Model category of 

aircraft.  Approximately 84% of the operations are by single-engine piston aircraft.  The remaining 

16% of the operations are by multi-engine piston aircraft and helicopters, in that order.  All of the 

operations at closed Halls Crossing are assumed to occur during daytime hours (7am-10pm). 

 

At the time of its closure, there was one runway at Halls Crossing Airport (Runway 16/34) that was 

3,800 feet long.  The majority of operations used Runway 16, arriving from the north and departing to 

the south approximately 70% of the time.  The remaining 30% of the time aircraft used Runway 34, 

arriving from the south and departing to the north.  Figure A.2 shows aircraft arrival and departure 

paths.  Based on runway orientation, prevailing winds, and preferred arrival and departure routes, the 

aircraft at closed Halls Crossing were assumed to arrive and depart on the eastern paths 40% of the 

time, northern paths 30% of the time, southern paths 20% of the time and western paths 10% of the 

time.  
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2.1.4 Enroute/Cumulative Overflights 

 

As described later in this document, two forms of analysis were conducted: 1) the noise from the 

individual airports discussed previously, and then 2) a cumulative noise evaluation capturing 

aircraft that do not operate at one of the airports, but that overfly the IAI.  A full year (2010) of 

radar data
2
 was collected for overflights of the IAI by aircraft not operating at one of the local 

airports (Bull Frog Basin or Cal Black Memorial, as Halls Crossing has been closed).  ASDI radar 

data is FAA-generated long-range surveillance radar that is combined with local terminal radar 

data, where available.  Because there is no local terminal area radar coverage of the IAI, and 

availability of low altitude flight track data in the area is minimal, the location of navigational aids 

and discussions with on-site airport personnel were used to augment the ASDI data.  The majority 

of the surveillance data available is for aircraft operating at or above 18,000 feet MSL on enroute 

airways.
3
  Figure A.3 shows these enroute airways within the IAI.  The ASDI data indicated that 

on an average day there were 450 enroute operations over the IAI.  The majority of these aircraft 

are at altitudes of 30,000 feet MSL or higher. 

 

2.2 Initial Screening Analysis 
 

The 1979 GMP
4
 and enabling legislation

5
 are part of a required inventory of the affected 

environment, pursuant to FAA's Sensitive Park Environment Noise Guidance. A Noise Screening 

Assessment was prepared to determine the Initial Area of Investigation (IAI).  The IAI was the 

first step of the noise analysis which identifies a geographic area that could experience a decrease 

or increase in noise exposure due to aircraft operations from a project.  Using the FAA’s 

Integrated Noise Model 7.0c, the IAI was determined by the loudest aircraft using the Cal Black 

Memorial Airport that flies at a cruise altitude above 10,000 feet Above Ground Level (AGL). 

This aircraft was determined through aircraft flight logs recorded by the Cal Black Memorial 

Airport Fixed Based Operator (FBO) staff.  The loudest jet aircraft associated with Cal Black 

Memorial Airport that cruises above 10,000 feet AGL is the Cessna Citation (CJ3) jet.  It should 

be noted that jet aircraft operations at the Cal Black Memorial Airport are relatively infrequent 

(only one to two jets arriving at the Cal Black Memorial Airport per month); there are no aircraft 

that fully meet the criteria for establishing the IAI as defined in the FAA’s Sensitive Park 

Environment Noise Guidance.  Nonetheless, the Cessna Citation was determined to be the best 

representative aircraft to develop the IAI for the noise screening assessment because of its noise 

characteristics (highest Lmax). 

                                                           
2 ASDI – FAA Aircraft Situational Display Data to Industry (ASDI). 

3 Low and high altitude airways (below and above 18,000 feet, respectively), appear on sectional or aeronautical 

charts that are used by pilots for navigational purposes. 
4      Proposed General Management Plan, Wilderness Recommendation, Road Study Alternatives, Final  

Environmental Statement for Glen Canyon National Recreation Area / Arizona - Utah, January 1979. 
5     Public Law 92-593, 92nd Congress, S. 27, October 27, 1972 (Enabling Legislation to establish Glen  

Canyon National Recreation Area) codified in 16 USC § 460dd 
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It takes approximately 18 NM for the Cessna Citation to climb to 10,000 feet.  The IAI consists of 

two overlapping 18 NM rings, one centered on the closed Halls Crossing Airport and one centered 

on Cal Black Memorial Airport.  The IAI is shown in Figure A.1.  There are three primary land 

uses within the IAI, including two national parks and BLM land. The Cal Black Memorial Airport 

is located on BLM land, outside of GCNRA boundaries.  The GCNRA is to the north of the Airport 

and Capitol Reef National Park is located adjacent to and northwest of GCNRA; both are National 

Park lands.  Thus, the IAI includes: 

• Glen Canyon National Recreation Area (GCNRA),  

• Capitol Reef National Park, 

• Cal Black Memorial Airport,  

• Bull Frog Airport, and  

• Halls Crossing Airport (closed).
6
 

 

 

The initial screening analysis included two main data gathering components, essentially 

determining the source of the noise (airport locations) and the receptor (park and BLM land 

locations) within the IAI.  The goal of the noise screening analysis was to determine the IAI and 

identify the park(s) that may receive noise increases due to the opening of Cal Black 

Memorial/closure of Halls Crossing Airport, as well as to determine if further quantitative analysis 

would be required, and if so, the level of analysis.  

 

The inputs used to determine the noise source and receptors included the following: 

• Preparing an inventory of noise sensitive land uses within the IAI, including parks, 

management plans, ambient reports, and other needed documentation, 

• Identifying existing flight tracks to and from the noise source(s),  

• Collecting aircraft operations, defined by aircraft type, time of day and runway use, and 

• Establishing a grid that would be used to consider noise at various locations in the IAI. 

These grid points were used to determine the change of exposure for the various metrics 

 

The noise screening analysis was used to determine if a change in noise exposure level of 3 dB 

occurred between the No Action and With Project scenarios with regard to the opening of Cal 

Black Memorial Airport.  The conclusions of the initial screening analysis showed there has been 

such a change, and thus, a more detailed assessment was warranted.  

 

 

 

                                                           
6 Because this analysis is being prepared to respond to the original EIS addressing the construction of the Cal 

Black Memorial Airport, the No Action will reflect a theoretical condition (as if Halls Crossing had remained 

open). 
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3. ANALYSIS PROTOCOL 
 

As noted earlier, because the initial screening analysis showed that a more detailed analysis was 

warranted, FAA Sensitive Park Environment Noise Guidance7 suggests that a protocol be 

developed.  This section discusses the protocol developed for this evaluation.  

 

3.1 Summary of the Protocol 
 

To ensure that the noise analysis followed an agreed upon approach, the FAA Sensitive Park 

Environment Noise Guidance document recommends the preparation of a Noise Analysis Protocol.  

The FAA’s third party independent consultant prepared a draft protocol for review by the FAA 

Northwest Mountain Region Airports Division. Upon acceptance, the FAA Airports Division 

forwarded the protocol to the FAA’s Office of Environment and Energy.  Upon final FAA approval 

(Airports Division and Office of Environment and Energy) the document was forwarded to the 

NPS and BLM.  A copy of the FAA approved protocol is included in Attachment A. 

 

The Protocol requires the preparation of two categories of analysis: 

• Standard Airport Noise Contour Analysis using the Day-Night Average Sound Level 

(DNL) noise exposure contours to show aircraft noise exposure above DNL 65; 

• Supplemental metrics: a grid analysis, using 1 nautical mile separation among points within 

the IAI, to calculate the following metrics: 

� Maximum Sound Level (Lmax) 

� Equivalent Noise Level (Leq) 

� Time Above Ambient (TAA), using the median measured L50 for ambient noise 

levels 

� Number of Events/day Above Ambient, using the median measured L50 for ambient 

noise levels 

 

  

                                                           
7 FAA, Guidance on Procedures for Evaluating the Potential Noise Impacts of Airport Improvement Projects on 

National Parks and Other Sensitive Park Environments, Version 1.0, June 2007 
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Noise metrics were modeled for the No Action (assuming closed Halls Crossing Airport had 

remained open) and the With Project (closure of Halls Crossing Airport and opening of Cal Black 

Memorial Airport) scenarios.
8
  The change in exposure associated with the new airport was 

identified by subtracting the No Action from the With Project.  The protocol noted that the analysis 

would include: 

• +/- 3dB change of exposure for single event loudness (Lmax) for aircraft operations due 

to the opening of Cal Black Memorial Airport 

• +/- 5 dB change of exposure for cumulative noise descriptions between existing ambient
9
 

and 60 dB (using DNL and Leq) 

• +/- 3 dB change of exposure for cumulative noise descriptors between 60-65 dB (DNL) 

• +/- 1.5 dB change of exposure for cumulative noise descriptors above 65 dB (DNL) 

• Time Above Ambient (TAA), using existing ambient noise levels 

• Number of Events/day Above Ambient (NAA) using existing ambient noise levels 

 

To identify ambient conditions, actual measurement data were consulted, as noted in Section 3.2. 

 

The ambient conditions were evaluated based on the different NPS Management Plan zones within 

the recreational area.
10

  The Management Plan zone categories that were used to evaluate the 

effects of the new airports are listed below.  A map showing the different zones is presented in 

Figure A.4.  

 

• Natural – which represents 54% of the GCNRA
11

 

• Recreation & Resource Utilization (including Lake Zone) – reflecting 45% of the GCNRA 

• Development – reflecting 1.5% of the GCNRA 

• Cultural
12

 – reflecting less than 0.1% of the GCNRA.
13

 

  

                                                           
8 Because Bull Frog Airport is located within the IAI, noise analysis regarding Bull Frog Airport is used in both 

the No Action and With Project Scenarios.   
9 Existing ambient refers to the median L50 at the measurement sites.  Note that Attachment B considers these 

same metrics using the Lnat, as requested by NPS. 
10 NPS Management Plan Zones were provided by NPS GIS data 
11     Note that Figure A.4 natural management areas coincide with the proposed wilderness areas pursuant to the  

        park's GMP and enabling legislation. 
12 The land area identified as Cultural is so small that it is not visible in Figure A.4. 
13  December 14, 2012 letter from Tammy Whittington (NPS) to Janell Barrilleaux (FAA).  Note that the zone titled 

“deletions” was not included in the analysis, as these lands are programmed for removal from GCNRA. 
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3.2 Noise Measurement Locations and Results 
 

Aircraft operations at Cal Black Memorial Airport and Bullfrog Basin Airport are subject to 

seasonal activity and are busiest during summer holiday weekends. Throughout the year, Cal Black 

Memorial Airport averages approximately four operations per day.  One of the steps in the FAA’s 

Sensitive Park Environment Noise Guidance calls for the identification of the “existing ambient” 

noise level.  The existing ambient is usually identified through the conduct of sound level 

measurements at specific locations.  Two measurement efforts were conducted for this project: 

one conducted in 1998 and the other in 2010. 

 

In 1998, the FAA’s third party independent consultant project team worked with NPS and FAA 

staff to develop a sound level measurement program that would be conducted during the busy 

summer visitor period.  At that time, the FAA in consultation with the NPS selected seven (7) 

measurement sites for the conduct of measurements.  Because a visitor survey was conducted at 

that time, the sites were deliberately located away from areas that would experience higher human-

related noise (i.e., areas near high activity parts of Lake Powell were avoided).  The measurement 

locations on or near Lake Powell were exposed to some level of people and boating noise (near 

the end of lake fingers where the boats must be slow and smaller in size), but they were located 

away from the higher activity areas where people and boats are more pronounced. 

 

Additional measurements were collected to augment data previously collected for the preparation 

of this noise analysis.  These more current data were deemed appropriate by the FAA based on the 

Sensitive Park Environment Noise Guidance.  The FAA coordinated and agreed with the NPS 

when determining measurement locations.  Given that the water level of the lake has dropped since 

the 1998 measurements, it was not possible to get to the exact same site, but the 2010 locations are 

relatively close to the 1998 locations.  For purposes of identifying ambient noise levels, only the 

2010 data as reported in this document were used. 

 

The FAA’s project team conducted noise monitoring in GCNRA from August 24, 2010 through 

October 9, 2010 in order to capture a higher number of aircraft operations during the monitoring 

period, including the Labor Day weekend when backcountry hiking would be active.  Five (5) of 

the seven (7) locations where monitoring was conducted are located within GCNRA; however, 

none of those sites were on the navigable portions of Lake Powell with higher background noise 

levels due to boating and other recreational activities.  As such, the noise monitoring data does not 

factor in the areas of higher ambient noise levels that occur on and around the lake, therefore 

making the average ambient noise levels generally more conservative.  The measurement locations 

within the GCNRA focused on capturing sound levels in the visitor experience areas away from 

Lake Powell. 

 

The field noise measurement program conducted for this study included the use of portable noise 

measurement equipment that recorded the 1-second noise levels on a continuous basis at each 
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site.  The consultant then analyzed the data to compute noise metrics of interest to this study.  

When wind speeds exceeded 5 m/s, noise data from this period was not included in the calculation 

of the different noise metrics, including the L50 noise value.  The noise measurement survey 

served to identify ambient noise levels at multiple locations around the project area using standard 

noise metrics.   

 

The ambient sound level at each site was identified using the measured Percentile Noise Levels 

(Ln).  Percentile Noise Level is the noise level exceeded for specified percentages (n) of the time 

(e.g., Ln represents the sound level exceeded n% of the time).  L50 was selected to identify the 

existing median ambient for GCNRA as it represents the sound that is exceeded half of the time.  

Figure A.5 shows the location of each monitor and Table 2 shows the resulting L50 at each site.  

The measured average L50 ranged from a low of 22 dBA to a high of 27 dBA. 

 

The L50 was specified in the protocol for defining of the existing ambient.  These measurement 

sites themselves already reflect locations away from primary human noise sources such as boats, 

vehicles and people.  All the measurement sites are exposed to high altitude enroute aircraft 

overflights.  A more detailed description of the noise measurement results along with other ambient 

noise metric descriptors are presented in Attachment B. 

 

The ambient environment was defined in concert with the NPS based upon the NPS General 

Management Zones (see Figure A.4).14
  The General Management Zones are identified in the 1979 

General Management Plan (Proposed General Management Plan, Wilderness Recommendation, 

Road Study Alternatives, Final Environmental Statement for Glen Canyon National Recreation 

Area / Arizona - Utah, January 1979.) The ambient (L50) defined for these zones are herein 

referred to as Management Zone ambient.  Table 3 presents the L50 noise level for each 

measurement site, and the respective General Management Plan Zone, and land cover.  The L50 

values were determined from the average of all the sites in each zone.  Note that the value of the 

Natural Zone used was 22 dBA.  Two of the measurement sizes were located in the Natural Zone 

and the average measured L50 was 22 and 23 dBA.  To present a more conservative analysis, the 

lower value (L50 of 22) was used analysis to represent the Natural Zone. 

  

                                                           
14  At the request of the NPS, a supplemental Lnat ambient was identified, as discussed in Attachment B. 
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#19 Hansen Creek (L50 = 23 dBA)
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#18 Forgotten Canyon  (L50 = 23 dBA)

#15 Cal Black Airport  (L50 = 22 dBA)

#13 Bull Frog Airstrip  (L50 = 27 dBA)

#14 Hole in the Rock Road  (L50 = 22 dBA)

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
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Table 2 

Measured Ambient Noise Levels 

Cal Black Memorial Supplemental Environmental Impact Statement 

 

Measure-

ment 

Site # Site name 

General Management 

Plan Zone 

Land Cover 

Type 

Proposed 

Wilderness 

L50 

existing 

(dBA)15 

GLCA013 

(BFA, #13) 

Bullfrog Airstrip Development Developed, 

High Density 

No 27 

GLCA014 

(HTR, #14) 

Hole-in-Rock Road BLM land (near to NPS 

Recreation & Resource 

Utilization) 

Desert 

Shrubland 

No 22 

GLCA015 

(CBA, #14) 

Cal Black Airport BLM land (near to NPS 

Recreation & Resource 

Utilization) 

Developed, Low 

Density 

No 22 

GLCA016 

(LKC, #16) 

Lake Canyon Recreation & Resource 

Utilization 

Cliffs, Canyons No 24* 

GLCA017 

(MKC, #17) 

Moqui Canyon Natural Cliffs, Canyons Yes 22 

GLCA018 

(FGC, #18) 

Forgotten Canyon Natural Cliffs, Canyons Yes 23 

GLCA019 

(HNC, #19) 

Hansen Creek Recreation & Resource 

Utilization 

Desert 

Shrubland 

No 23 

Source: BridgeNet International, 2010; NPS 

*Due to high level of localized nighttime insect noise at Lake Canyon site, the daytime L50 value was used for that 

location.  See Figure A.5 for these locations. 

 

 

Table 3 

Ambient L50 Noise Levels per Management Plan Zones 

Cal Black Memorial Supplemental Environmental Impact Statement 

 

Management Zone 
Measurement 

Site #’s 

Ambient  

L50 (dBA)  

Natural 17, 18 22 

Recreation & Resource Utilization, BLM, Other 14, 15, 16, 19 23 

Development 13 27 

Source:  BridgeNet International, 2010 and discussion with NPS. 

Note: Management Zones are identified in the 1979 General Management Plan (Proposed General Management 

Plan, Wilderness Recommendation, Road Study Alternatives, Final Environmental Statement for Glen Canyon 

National Recreation Area / Arizona - Utah, January 1979.) 

 

Separately, the NPS reviewed its own noise measurement data as well as the data collected by the 

FAA’s consultant team.  Results of the NPS study are shown in Attachment C. 

 

                                                           
15 L50 values were calculated using the noise measurements taken at each site. 
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3.3 Noise Modeling Methodology 
 

In accordance with the Noise Analysis Protocol, DNL noise exposure contours were created for 

the No Action and the With Project Scenarios.  The No Action represents a theoretical condition 

of the (closed) Halls Crossing Airport being in operation in 2010 and 2030 along with Bull Frog 

Airport; the Cal Black Memorial Airport would not be in operation.  For the With Project Scenario, 

the Halls Crossing Airport is closed, Cal Black Memorial has replaced Halls Crossing, and Bull 

Frog Airport is in operation. 

 

For the Supplemental Metrics Analysis, a grid was created within the IAI boundary using a 

coordinate system.  The grid points are spaced at 1.0 nautical mile (NM) over the 18 NM radius 

IAI.  The grid points were located at 1.0 NM in the IAI due to the small number of operations and 

because the change of exposure at a larger grid spacing would not show sufficient detail to reflect 

possible changes close-in to the airports.  

 

The following provides a brief summary of the various metrics considered in the Noise Analysis 

based on two categories of analysis: 1) Standard Noise Contour Analysis and 2) Supplemental 

Grid Point Noise Analysis.  

 

3.3.1 Standard Noise Contour Analysis – Day Night Average Sound Level 

 

Based upon the operational conditions presented in the Inventory, DNL noise contours were 

developed using the FAA’s Integrated Noise Model Version 7.0c. 

 

Day Night Average Sound Level (DNL) describes noise experienced during an entire (24-hour) 

day. The DNL calculations account for the sound exposure level of aircraft and the number of 

aircraft operations, and include a penalty for nighttime operations. In the DNL scale, noise 

occurring between the hours of 10 pm and 7 am was weighted by an additional 10 dBA.  No night 

operations were identified, and thus, this analysis assumed no night activity at any of the airports’ 

evaluated, which also assumed no early morning flights before 7 am. 

 

To determine if the project created a significant effect, the FAA’s threshold of significance, as 

defined in FAA Order 1050.1E Appendix A.14.3 was used.  This significance threshold would be 

exceeded if the project (relative to the No Action) would create a change of exposure of 1.5 dBA 

DNL within the 65 DNL noise exposure contour to a noise sensitive area. 

 

3.3.2 Supplemental Grid Point Noise Analysis 

 

The measurements from the noise management program were used to support the supplemental 

grid point noise analysis, providing cumulative ambient.  The change of exposure is described for 

DNL, Leq(15-hour), and Lmax. 
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• Day Night Average Sound Level (DNL) grid analysis for areas outside the DNL 65 

contours of the Standard Noise Contour Analysis are described in Section 3.3.1. The DNL 

supplemental grid point analysis identifies the change of exposure, as follows: 

� +/- 5 dB change of exposure for cumulative noise descriptions between ambient
16

 and 

60 dB 

� +/- 3 dB change of exposure for cumulative noise descriptors between 60-65 dB 

• Maximum Sound Level (Lmax) is the loudest sound level reached during a sound event. 

For example, as an aircraft approaches, the sound increases over ambient noise levels.  The 

closer the aircraft gets, the louder its sound becomes until the aircraft is at its closest point 

directly overhead.  As the aircraft passes, the noise level decreases, eventually settling back 

to ambient levels.  The grid analysis shows all Lmax grid points where the sound level is 

above existing Management Zone ambient and identifies change of exposure of 3 dBA or 

more. 

• Equivalent Noise Level (Leq) is the sound level corresponding to a steady-state, A-

weighted sound level containing the same total energy as a time-varying signal (noise that 

constantly changes over time) throughout a given sample period.  The Leq is the “energy” 

average taken from the sum of all the sound that occurs during a certain time period; 

however, it is based on the observation that the potential for a noise event to affect people 

depends on the total acoustical energy content.  The Leq can be measured for any period, 

but is typically measured in increments of 15 minutes, 1-hour, or 24-hours. 

Because there are no night operations to/from the three airports, the 24-hour Leq is the 

same as the DNL.  Therefore, for this evaluation a daytime (7am-10pm) Leq was evaluated 

[a 15-hour period noted as Leq(15-hour)].  The grid analysis shows all Leq (15-hour) grid 

points where the sound level is above the existing Management Zone ambient.  The grid 

specifically calls out those points where the change of exposure exceeds 3 dBA for points 

exposed to 60-65 Leq (15-hour), and those points where the change of exposure exceeds 5 

dBA for points exposed to noise levels between the Management Zone ambient and the 60 

Leq (15-hour). 

• Time Above Ambient (TAA). For this analysis, TAA refers to Time Above Ambient. The 

Management Zone L50 was used to determine the existing ambient noise levels. TAA is 

the total time in seconds or minutes that aircraft noise exceeds existing Management Zone 

ambient noise levels in a 24-hour period.  

• Number of Events/day Above Ambient (NAA).  For this analysis, NAA refers to Number 

of Events Above Ambient.  The Management Zone L50 was used to determine the existing 

ambient noise levels.  The number of events per day that generate a noise level above that 

ambient are summed to determine the NAA. 

                                                           
16   In Sections 4 through 6, the existing ambient refers to the Management Zones L50 as determined from the noise 

monitoring.  In Attachment B, at the request of the NPS, the metrics were also evaluated using Lnat. 
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4. EXISTING CONDITIONS (2010) NOISE ANALYSIS 
 

This section presents the results of the noise analysis for year 2010, which represents the existing 

conditions.   

 

4.1 Standard Noise Contour Analysis 
 

As required by FAA Order 1050.1E and 5050.4B, the primary noise criterion to describe the noise 

environment is DNL – Day Night Average Sound Level.  The existing 2010 DNL noise exposure 

contours are presented in Figures A.6, A.7, and A.8, for Cal Black Memorial Airport, closed Halls 

Crossing Airport, and Bull Frog Basin Airport, respectively.  These figures show the 60 DNL and 

65 DNL contours.  Given the small number of operations at each airport, 65 DNL noise contour 

remains close-in to the runway. 

 

Table 4 shows the area within the various noise exposure contours (in acres).  When comparing 

the grid results using DNL for the No Action (assuming closed Halls Crossing Airport were open) 

and With Project (closure of Halls Crossing and opening of Cal Black Memorial), there were no 

noise sensitive land uses where the change of exposure would be 1.5 DNL or greater within the 65 

DNL noise contour.  This change of exposure is determined by identifying the With Project levels 

and subtracting the No Action levels.  There were no areas within the 65 DNL where the change 

of exposure was 1.5 DNL or greater. 

 

 

Table 4 

Existing (2010) Area Within the DNL Contours 

Cal Black Memorial Supplemental Environmental Impact Statement 

DNL Noise Contour 

Area within the DNL Contours (acres) 

Cal Black Memorial Bullfrog Basin Halls Crossing (Closed) 

60 DNL and Greater 42.0 46.9 42.4 

65 DNL and Greater 12.9 19.0 17.8 

Source: BridgeNet International, 2012 

 

 

For the Cal Black Memorial Airport, the 65 DNL noise contour off the end of Runway 19 is 

approximately 1,170 feet from the boundary of the GCNRA.  Closed Halls Crossing Airport and 

Bull Frog Basin Airports are located inside the GCNRA, and thus the 65 DNL and greater contours 

from these airports are located inside the park. 
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Figure A.6 DNL Noise Contours for Existing and Future Conditions (Cal Black Memorial Airport)
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Figure A.7 DNL Noise Contours for Existing and Future Conditions (Halls Crossing Airport [Closed])
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Figure A.8 DNL Noise Contour for Existing and Future Conditions (Bullfrog Basin Airport)
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4.2 Supplemental Metrics Grid Point Analysis 
 

The following sections summarize the analysis of 2010 conditions using the supplemental metrics.  

The existing conditions analysis considered the noise level changes relative to ambient, as 

measured using the L50 by NPS management zone (see Table 3). 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section 4.2, each figure associated with 

existing conditions will be labeled as “Figure B.[number]”.  All graphics can be found at the end 

of this section. 

 

4.2.1 Day Night Average Sound Level (DNL) 

 

In addition to the noise contours described in the standard noise contour analysis section, a DNL 

evaluation was conducted for each of the grid points in the IAI using the Management Zones 

ambient.  Figures B.1 and B.2 show the DNL grid results for the existing conditions No Action 

and With Project Scenarios, with Figure B.3 showing the change of exposure. 

 

Figure B.3 shows all changes in DNL noise levels that were either increases or decreases in noise 

of 5 dBA or greater at grid locations.  Thirty-two (32) grid points showed a DNL change of 

exposure increase near Cal Black Memorial Airport.  Three (3) of the DNL change of exposure 

increases occurred in GCNRA and the remaining twenty-nine (29) points were outside.  In 

contrast, twenty-three (23) points within GCNRA experienced a decrease in noise with the 

opening of the Cal Black Memorial Airport as measured by DNL. 

 

4.2.2 Maximum Sound Level (Lmax) 

 

Figure B.4 shows the No Action Lmax while Figure B.5 shows the With Project Lmax.  The 

Lmax for these locations was due to the Cessna Caravan operating at the individual airports.  Color 

gradients are used in the graphics to distinguish among the various intensities of sound, using 

increments above existing ambient of: a) ambient to 29.9 dBA, b) 30.0 to 49.9 dBA, c) 50.0 to 

59.9 dBA, d) 60.0 to 69.9 dBA, and e) 70 dBA Lmax and above.  Note that the ambient varies per 

Management Zone associated with the grid point; ambient  varies from 22 to 27 dBA, as listed in 

Table 3.  Figure B.6 shows the change of exposure when comparing the With Project to the No 

Action.  Color gradients are used to show increases (shades of blue) and decreases (shades of 

orange) in increments of 10dBA or greater, 5.0 to 9.9 dBA, and 3.0 to 4.9 dBA. 
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4.2.3 Equivalent Noise Level [Leq (15-hour)] 

 

Using a similar system of presenting results, Figures B.7 and B.8 present the No Action and With 

Project Leq(15-hour) grid analysis.  Color gradients are used in the graphics to distinguish among 

the various intensities of sound, using increments above existing ambient of: a) ambient to 29.9 

dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 dBA, and e) 45 dBA Leq(15-hour) 

and above (note the ambient varies by Management Zone as shown in Table 3).  Figure B.9 shows 

the change in exposure when comparing the With Project to the No Action.  

 

Similar to the DNL analysis, Figure B.9 shows the Leq(15-hour) change in exposure results for 

Leq(15-hour) noise levels that were either increases or decreases in noise of 5 dBA or greater at 

grid locations .  Thirty-nine (39) grid points showed a Leq(15-hour) change of exposure increase 

near Cal Black Memorial Airport.  Three (3) of the Leq(15-hour) change of exposure increases 

occurred in GCNRA and the remaining thirty-six (36) points were outside GCNRA.  In contrast, 

twenty-seven (27) points within GCNRA experienced a decrease in noise with the opening of the 

Cal Black Memorial Airport as measured by Leq(15-hour). 

 

4.2.4 Time Above Ambient (TAA), using Management Zones L50 for ambient noise levels 

 

For year 2010, the TAA (Management Zone ambient) was evaluated for the No Action, shown in 

Figure B.10, and the With Project, shown in Figure B.11.  The TAA (Management Zone ambient) 

was divided into time “bins” of: a) 3.0 to 4.9 minutes, b) 5.0 to 8.9 minutes, c) 9.0 to 16.9 minutes, 

c) 17.0 to 24.9 minutes, and d) 25 minutes or more.  The change of exposure between the With 

Project and No Action was then computed.  Figure B.12 shows the locations that experienced a 

5-minute or more change on a daily basis. 

 

Figure B.12 shows that fifty-two (52) grid points near closed Halls Crossing experienced a TAA 

(Management Zone ambient) decrease of 5 minutes or more, while thirty-nine (39) points near Cal 

Black Memorial Airport experienced an increase of 5 minutes or more.  Of these 39 points, six (6) 

were located in the GCNRA and the remainder thirty-three points (33) were outside the Park.  All 

of the 52 points that experienced a decrease in exposure were within the GCNRA. 

 

4.2.5 Number of Events/day Above Ambient, using Management Zones L50 for ambient 

noise levels 

 

For year 2010, the number of events per day producing noise above ambient (NAA) was evaluated 

for the No Action, shown in Figure B.13, and the With Project, shown in Figure B.14.  The NAA 

(Management Zone ambient) was divided into event “bins” of: a) 1.0 to 2.9 events, b) 3.0 to 4.9 

events, and c) 5 events or more.  The change of exposure between the With Project and No Action 

was then computed.  Figure B.15 shows the locations that experienced a change of 2 events or 

more with noise above the ambient on a daily basis. 
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Figure B.15 shows that forty-four (44) grid points near closed Halls Crossing experienced a NAA 

(Management Zone ambient) decrease of 2 events or more, while three (3) points near Cal Black 

Memorial Airport experienced an increase of 2 events or more.  Forty-two (42) of the forty-four 

(44) points near the closed Halls Crossing Airport that experienced a decreased NAA were located 

in GCNRA, with the remaining two were outside GCNRA.  All of the sites that experienced an 

increase in NAA are outside GCNRA. 
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Figure B.1 Existing Conditions No Action DNL Grid Results for 
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Figure B.2 Existing Conditions With Project DNL Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure B.3 Existing Conditions DNL Grid Change in Exposure Results for 
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Figure B.4 Existing Conditions No Action Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.5 Existing Conditions With Project Lmax Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.6 Existing Conditions Lmax Grid Change in Exposure Results for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.7 Existing Conditions No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure B.8 Existing Conditions With Project Leq (15 hr.) Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.
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Figure B.9 Existing Condition Leq (15 hr.) Grid Change in Exposure for 
No Action and With Project
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Service Layer Credits: Source: Esri, DigitalGlobe,
GeoEye, i-cubed, USDA, USGS, AEX,
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Figure B.10 Existing Conditions No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.11 Existing Conditions With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.12 Existing Conditions TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure B.13 Existing Conditions No Action NAA Grid Results 
Hall Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.14 Existing Conditions With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure B.15 Existing Conditions NAA Grid Change in Exposure (in events) for
No Project and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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5. Future Conditions Noise Analysis 

 

In addition to the evaluation of 2010 conditions, conditions were projected into the future for year 

2030.  Table 5 shows the number of operations assumed for the future year 2030.  For Future 

Conditions at the No Action and With Project airports, the only airport operational changes were 

the number of operations (a slight growth in total aircraft operations is projected for each airport 

for the period between 2010 and 2030).  The time of day, fleet mix, aircraft type, flight tracks, and 

flight track use remain the same between 2010 and 2030. 

 

 

Table 5 

Future (2030) Annual Operations by Aircraft Category for No Action and With Project Airports 

Cal Black Memorial Supplemental Environmental Impact Statement 

Aircraft Category 

Future (2030) Forecast Annual Operations 

Cal Black Memorial Bullfrog Basin 
Halls Crossing 

(Closed) 

Single Engine Propeller 1,412 1,686 1,412 

Multi Engine Propeller 188 224 188 

General Aviation Jet 17 20 0 

Helicopters        86       102       86 

Total 1,703 2,032 1,686 
Source: Mead & Hunt, 2010 

 

 

5.1 Standard Noise Contour Analysis 
 

The future year 2030 DNL noise exposure contours for are presented in Figures A.6, A.7 and A.8, 

for Cal Black Memorial Airport, (closed) Halls Crossing Airport, and Bullfrog Basin Airport, 

respectively.  As in the existing conditions analysis, the level of activity that is projected to occur 

at Cal Black Memorial Airport in 2030 was used as a surrogate for activity that might have 

occurred at closed Halls Crossing Airport if it had not been closed, minus any jet operations, as 

that airfield could not accommodate jets.  These figures show the 60 DNL and greater noise 

contour as well as the 65 DNL and greater noise levels. 

 

 

 

 

 

 

 

 

 

1581jew
Typewritten Text



 

Cal Black Memorial Airport  August 2013 

Supplemental Environmental Impact Statement    

Noise Analysis  Page 44 

Table 6 shows the areas within each of the noise contours for year 2030 for the No Action and the 

With Project Scenarios. 

 

 

Table 6 

Future  (2030) Area Within the DNL Contours 

Cal Black Memorial Supplemental Environmental Impact Statement 

DNL Noise Contour 

Area Within the DNL Contours (acres) 

Cal Black Memorial Bullfrog Basin Halls Crossing (Closed) 

60 DNL and greater 46.5 54.1 48.6 

65 DNL and greater 14.9 23.2 21.5 

Source: BridgeNet International, 2012 

 

 

When comparing the grid results using DNL, there would be no sites in 2030 where the change of 

exposure would be 1.5 DNL or greater within the 65 DNL noise contour. 

 

5.2 Supplemental Metrics Grid Point Analysis 
 

The following sections summarize the analysis of 2030 conditions using the supplemental metrics. 

Similar to the existing conditions analysis, this future conditions evaluation considered the noise 

level changes relative to ambient, as measured using the L50 by NPS management zone (see Table 

3). 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section 5.2, each figure associated with future 

conditions will be labeled as “Figure C.[number]”.  All graphics can be found at the end of this 

section. 

 

5.2.1 Day Night Average Sound Level (DNL) 

 

In addition to the noise contours described in the standard noise contour analysis section, a DNL 

evaluation was conducted for the forecast year 2030.  The DNL was plotted at each of the grid 

points within the IAI boundary.  Figures C.1 and C.2 show the DNL grid results for the 2030 

conditions No Action and With Project scenarios, respectively, and Figure C.3 shows the change 

of exposure.  The same bin ranges were used in the future 2030 analysis as was used in the 2010 

analysis. 
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Figure C.3 shows all changes in DNL noise levels that would either increase or decrease in noise 

by 5 dBA or greater at grid locations for 2030. Thirty-five (35) grid points would experience a 

DNL change of exposure increase near Cal Black Memorial Airport.  Three (3) of the DNL change 

of exposure increases would occur in GCNRA and the remaining thirty-two (32) points would be 

outside GCNRA.  In contrast, twenty-seven (27) points within GCNRA would experience a 

decrease in noise with the opening of the Cal Black Memorial Airport as measured by DNL. 

 

5.2.2 Maximum Sound Level (Lmax) 

 

The Lmax results for future conditions are the same as discussed in Section 4.2.2 for the year 2010 

existing conditions.  There would be no change in Lmax conditions between 2010 and 2030, as 

the noisiest aircraft assumed for the Lmax analysis at the individual airports, the Cessna Caravan 

208, would continue to operate in both timeframes.  Because Lmax is calculated based on the 

noisiest aircraft, the Lmax in 2010 and 2030 are the same, as the noise profile of the Cessna 

Caravan is the same in both periods. 

 

 

5.2.3 Equivalent Noise Level [Leq(15-hour)] 

 

Using a similar system of presenting results as was included in Section 4 for the existing 

conditions, Figures C.4 and C.5 present the No Action and With Project Leq(15-hour) results for 

year 2030.  Color gradients are used in the graphics to distinguish among the various intensities of 

sound, using increments above existing ambient of: a) ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, 

c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 dBA, and e) 45 dBA Leq(15-hour) and above (note the ambient 

varies per Management Zone – See Table 3).  Figure C.6 shows the change in exposure when 

comparing the With Project to the No Action.  

 

Figure C.6 shows all changes in Leq(15-hour) noise levels that would either increase or decrease 

in noise by 5 dBA or greater at grid locations for 2030.  Fifty-three (53) grid points would show 

an Leq(15-hour) change of exposure increase near Cal Black Memorial Airport.  Three (3) of the 

Leq(15-hour) change of exposure increases would occur in GCNRA and the remaining fifty (50) 

points would be outside GCNRA.  In contrast, twenty-nine (29) points would experience a 

decrease in noise with the opening of the Cal Black Memorial Airport as measured by Leq(15-

hour).  Of the 29 grid points that would experience a decrease, twenty-seven (27) would be within 

GCNRA. 

 

5.2.4 Time Above Ambient (TAA), using Management Zones L50 for ambient noise levels 

 

The TAA (Management Zone ambient) was evaluated for the No Action in 2030, shown in Figure 

C.7, and the With Project, shown in Figure C.8.  The TAA (Management Zone ambient) was 

divided into time “bins” of: a) 3.0 to 4.9 minutes, b) 5.0 to 8.9 minutes, c) 9.0 to 16.9 minutes, c) 

17.0 to 24.9 minutes, and d) 25 minutes or more.  The change of exposure between 
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the With Project and No Action was then computed.  Figure C.9 shows the locations that would 

experience a 5-minute or more change on a daily basis. 

 

Figure C.9 shows that seventy-seven (77) grid points near closed Halls Crossing would experience 

a TAA (Management Zone ambient) decrease of 5 minutes or more, while fifty-two (52) points 

near Cal Black Memorial Airport would experience an increase of 5 minutes or more.  Six (6) of 

the 52 points near Cal Black Memorial Airport that would experience a TAA increase would be 

located in GCNRA.  Seventy-two (72) of the 77 grid points that would experience a decrease 

would be within GCNRA. 

 

5.2.5 Number of Events/day Above Ambient, using Management Zones L50 for ambient 

noise levels 

 

For year 2030, the number of events per day that would produce noise above ambient (NAA) was 

evaluated for the No Action, shown in Figure C.10, and the With Project, shown in Figure C.11.  

The NAA (Management Zone ambient) was divided into event “bins” of: a) 1.0 to 2.9 events, b) 

3.0 to 4.9 events, and c) 5 events or more.  The change of exposure between the With Project and 

No Action was then computed.  Figure C.12 shows the locations that would experience 2 events 

or more with noise above the ambient change on a daily basis. 

 

Figure C.12 shows that eighty-two (82) grid points near closed Halls Crossing would experience 

a NAA (Management Zones ambient) decrease of 2 events or more, while thirty-four (34) points 

near Cal Black Memorial Airport would experience an increase of 2 events or more.  One (1) of 

the 34 points near Cal Black Memorial Airport that would experience increased NAA 

(Management Zone ambient) would be located in GCNRA.  Seventy-seven (77) of the eighty-two 

(82) grid points that would experience a decrease would be located within GCNRA. 
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Figure C.1 Future Conditions No Action DNL Grid Results for 
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure C.2 Future Conditions With Project DNL Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure C.3 Future Conditions DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure C.4 Future Conditions No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure C.5 Future Conditions With Project Leq (15 hr.) Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.
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Figure C.6 Future Conditions Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure C.7 Future Conditions No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure C.8 Future Conditions With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure C.9 Future Conditions TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure C.10 Future Conditions No Action NAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 57

Legend
Management Zone Ambient L50

Grid Values (2030)
With Project - Events per Day

1.0 to 2.9 Events per Day

3.0 to 4.9 Events per Day

>= 5.0 Events per Day

)p Airport Locations

Area of Investigation

National Park Service Boundary

Figure C.11 Future Conditions With Project NAA Grid Results 
for Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure C.12 Future Conditions NAA Grid Change in Exposure (in events) for
No Project and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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6. Cumulative Impact from Enroute Noise 
 

Sections 4 and 5 document the consideration of noise associated with the three individual airports 

within the IAI.  To capture the cumulative noise associated with aircraft that overfly GCNRA on 

their way to/from another airport, a second evaluation was performed by adding enroute 

overflights of the IAI to flights to and from the three airports.  The enroute activity represents 

operations from airports other than the three airports located in the IAI (closed Halls Crossing, 

Bull Frog Basin, and Cal Black Memorial Airports) that pass over the IAI at altitudes greater than 

18,000 feet above mean sea level.  The cumulative impact evaluation from the local airports and 

enroute traffic is documented in this section for both 2010 and 2030.  The presentation in this 

section uses the same metrics described for the existing and future conditions in Sections 4 and 5 

for the three airports, based on Management Zone ambient (L50).  

 

6.1 Methodology Used For Enroute Noise Modeling 
 

The area within the Initial Area of Investigation (IAI) is subject to overflights from high altitude 

aircraft.  The majority of these operations are flying east/west with some traffic north/south.  Based 

upon a review of one year of enroute radar data for the area (for year 2010), the consultant 

identified an average of 450 flights per day that pass at some point over the IAI.  The source of 

this data was the ASDI enroute radar data
17

 that was referenced in Section 2.1.4.   

 

The IAI at its widest is 42 NM and 36 NM tall.  Given the size of the IAI, no one aircraft would 

overfly and influence noise levels at all grid points considered in this analysis.  There is one victor 

airway that goes through the IAI, V-208, that is oriented northeast to southwest.  While this is the 

only airway that intersects the IAI, there is a VOR
18

 to the north of GCNRA to which five other 

airways navigate, and a VOR to the south to which two other airways navigate.  The 450 aircraft 

overflights can be attributed to the dispersion of aircraft navigating to and from these VORs 

(ground based navaids). The enroute activity was distributed equally on these seven altitude 

airways. 

 

The Integrated Noise Model was used to predict noise from cumulative and enroute activity for 

each of the primary and supplement noise metrics.  These high altitude flight paths were entered 

into the Integrated Noise Model and were distributed evenly throughout the IAI using the average 

fleet mix of aircraft operating within the United States.  Flight paths for overflights were created 

in the Integrated Noise Model using the overflights function.  The overflight flight paths consisted 

of four (4) east/west flight paths separated nine (9) miles apart.  Eight dispersed sub-tracks were 

associated with each path which were one (1) NM apart.  The operations are divided equally among 

the flight paths and dispersed tracks.  This results in flight tracks that are one (1) 

                                                           
17  Aircraft Situation Display to Industry. 

18  VHF omnidirectional radio range (VOR) is a type of short-range radio navigation system for aircraft, enabling 

aircraft to determine their position and stay on course by receiving radio signals transmitted by a network of fixed 

ground radio beacons. 
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NM apart and an equal dispersion of the enroute noise throughout the IAI.  The profiles used for 

high altitude overflight operations were level flight procedural profiles developed per guidelines 

contained in the Integrated Noise Model user’s manual. 

 

 

6.2 Existing (2010) Cumulative Noise Impact Analysis 
 

The following sections describe the change of exposure associated with the cumulative impact 

evaluation conducted for existing conditions (2010). 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section 6.2, each figure associated with 

cumulative existing conditions will be labeled as “Figure D.[number]”.  All graphics can be found 

at the end of this section. 

 

6.2.1 Day Night Average Sound Level (DNL) 

 

The enroute cumulative DNL evaluation was first conducted for the existing year 2010.  The DNL 

grid results were plotted for each point within the IAI boundary.  Figures D.1 and D.2 show the 

DNL grid results for the 2010 conditions No Action and With Project scenarios, with Figure D.3 

showing the change of exposure. 

 

Figure D.3 shows changes in DNL noise levels that were either increases or decreases in noise of 

5 dBA or greater above existing ambient.  Five (5) points within GCNRA experienced a decrease 

in cumulative noise as measured by DNL change of exposure with the opening of the Cal Black 

Memorial Airport.  Relative to the individual airport analysis in Section 4.3.1, a smaller number 

of points experienced a cumulative DNL noise increase when considering the addition of the 

enroute traffic.  Four (4) points outside GCNRA experienced a cumulative increase in DNL change 

of exposure, and one point within the GCNRA experienced a cumulative increase.  The same site 

that experienced a DNL change of exposure increase in the individual airport analysis inside 

GCNRA also experienced an increase in the cumulative impact analysis.    

 

When compared to the individual airport results, with enroute traffic, more grid points experienced 

DNL noise levels greater than the Management Zone ambient, but less grid points experienced a 

change of +/- 5 DNL. 
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6.2.2 Maximum Sound Level (Lmax) 

 

Figure D.4 shows the No Action Lmax while Figure D.5 shows the With Project Lmax for the 

enroute cumulative in year 2010. The cumulative Lmax was determined from taking the higher 

value between the Lmax from the individual airports (created by the Cessna Caravan) and the 

Lmax from the enroute activity (created by the B-727 hushkited aircraft).  The Lmax from enoute 

activity was predicted to be roughly 40 dBA, from a hushkited B-727 aircraft flying at a lower 

enroute altitude.  The B-727 represents a conservative assumption using one of the loudest aircraft 

in the commercial fleet that operates in the United States.   

 

Like the individual airport analysis, color gradients are used in the graphics to distinguish among 

the various intensities of sound, using increments above existing ambient of: a) ambient to 49.9 

dBA, b) 50.0 to 59.9 dBA, c) 60.0 to 69.9 dBA, and d) 70 dBA Lmax and above.  Figure D.6 

shows the change of exposure when comparing the With Project to the No Action.  Color gradients 

are used here to show increases (blue) and decreases (orange) in increments of greater than 3.0 to 

4.9 dBA, 5.0 to 9.9 dBA, and greater than 10 dBA.  

 

When considering the Lmax results, those points that are closest to the individual airports or under 

the airport flight paths have a Lmax that is created by the Cessna Caravan.  As points are further 

away from the individual airports or flight paths, the Lmax created by the enroute operations (with 

the B727) is greater than that from the individual airports. 

 

 

6.2.3 Equivalent Noise Level [Leq(15-hour)] 

 

Using a similar system of presenting results as was included in Section 4 for the existing 

conditions, Figures D.7 and D.8 present the No Action and With Project Leq(15-hour) results for 

the cumulative analysis using the Management Zones ambient.  Color gradients are used in the 

graphics to distinguish among the various intensities of sound, using increments above existing 

ambient of: a) ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 

dBA, and e) 45 dBA and above Leq(15-hour) (note the ambient varies per grid based Management 

Zone shown in Table 3).  Figure D.9 shows the change in exposure when comparing the With 

Project to the No Action. 

 

The Leq(15-hour) results show that eight (8) points near closed Halls Crossing Airport experienced 

a cumulative daytime decrease of at least 5 dBA Leq(15-hour).  All of these points were located 

within GCNRA. Thirteen (13) points near Cal Black Memorial Airport experienced a cumulative 

daytime increase of at least 5 dBA Leq(15-hour) where noise levels were above Management 

Zones ambient.  Of these 13 points, eleven (11) grid points were located outside GCNRA, while  

only two (2) were within GCNRA.   
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When compared to the individual airport results, the addition of the enroute traffic resulted in more 

grid points experiencing Leq(15-hour) noise levels greater than the Management Zone ambient.  

However less grid points in GCNRA experienced a change of +/- 5 Leq(15-hour). 

 

6.2.4 Time Above Ambient (TAA), using Management Zones L50 for ambient noise levels 

 

The TAA (Management Zone ambient) was evaluated for enroute cumulative analysis for 2010 

conditions for the No Action, shown in Figure D.10, and the With Project, shown in Figure D.11.  

The TAA levels above the Management Zone ambient from enroute activity alone ranged from 61 

to 117 minutes per day with an average of 101 minutes.  From the local airport activity alone, the 

TAA levels ranged from 0 to 32 minutes per day, with an average of 4 minutes.  To categorize the 

magnitude of the grid values, the TAA (Management Zone ambient) was divided into time “bins” 

of: a) 60.0-94.9, b) 95.0-109.9, c) 110.0-124.9 minutes, and d) 125.0 minutes or more.  These bins 

are graphically shown in the above referenced figures.  The change of exposure between the With 

Project and No Action was then computed.  Figure D.12 shows the locations that experienced a 

5-minute or more change on a daily basis. 

 

Figure D.12 shows that fifty-two (52) points near closed Halls Crossing Airport experienced a 

cumulative TAA (Management Zone ambient) decrease of 5 minutes or more, while thirty-nine 

(39) points near Cal Black Memorial Airport experienced a cumulative increase of 5 minutes or 

more.  All fifty-two (52) points that experienced a cumulative TAA (Management Zone ambient) 

decrease were located in GCNRA. Of the thirty-nine (39) points near Cal Black Memorial Airport 

that experienced a cumulative TAA increase, six (6) were located in GCNRA.   

 

These cumulative results are similar to the results for the individual airports for the same analysis 

timeframe. 

 

6.2.5 Number of Events/day Above Ambient, using Management Zones L50 for ambient 

noise levels 

 

For year 2010 enroute cumulative analysis, the number of events per day that would produce noise 

above ambient (NAA) was evaluated for the No Action, shown in Figure D.13, and the With 

Project, shown in Figure D.14. The NAA (Management Zone ambient) from enroute activity alone 

ranged from 177 to 292 events per day with an average of 247 events.  From the local airport 

activity alone, the NAA levels ranged from 0 to 8 events per day, with an average of 2 events.  To 

visually categorize the magnitude of the grid values, the NAA (Management Zones ambient) was 

divided into event “bins” of: a) 175.0 to 229.9 events, b) 230.0 to 254.9 events, c) 255.0 to 279.9 

and d) 280.0 events or more per day. These bins are graphically shown in the above referenced 

figures. The change of exposure between the With Project and No Action was then computed. 

 

Figure D.15 shows the locations that experienced a change of 2 events or more with noise above 

the ambient change on a daily basis.  Grid points that experienced an increase of 2 flights or 
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more are shown in pink.  Grid points that experienced a decrease of 2 flights or more are shown 

in green. 

 

Figure D.15 shows that forty-four (44) grid points near closed Halls Crossing Airport  experienced 

a cumulative NAA (Management Zones ambient) decrease of 2 events or more. Of these, 42 were 

located within GCNRA. Three (3) points near Cal Black Memorial Airport, none of which are 

located within GCNRA, experienced a cumulative increase of 2 events or more.   

 

These cumulative results are identical to the results for the individual airports. 
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Figure D.1 Existing Conditions Cumulative No Action DNL Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure D.2 Existing Conditions Cumulative With Project DNL Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure D.3 Existing Conditions Cumulative DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure D.4 Existing Conditions Cumulative No Action Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.5 Existing Conditions Cumulative With Project Lmax Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.6 Existing Conditions Cumulative Lmax Grid Change in Exposure Results for 
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.7 Existing Conditions Cumulative No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure D.8 Existing Conditions Cumulative With Project Leq (15 hr.) Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure D.9 Existing Conditions Cumulative Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure D.10 Existing Conditions Cumulative No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.11 Existing Conditions Cumulative With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 75

Legend
Management Zone Ambient L50

Grid Values
Change

-5.0 Minutes or Greater (-) Change

+5.0 Minutes or Greater (+) Change

)p Airport Locations

Area of Investigation

National Park Service Boundary

Figure D.12 Existing Conditions Cumulative TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.13 Existing Conditions Cumulative No Action NAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.14 Existing Conditions Cumulative With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure D.15 Existing Conditions Cumulative NAA Grid Change (in events) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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6.3 Future (2030) Cumulative Noise Impact Analysis 
 

The following sections describe the change of exposure associated with the cumulative impact 

evaluation in future year 2030.  An estimate of enroute operations in 2030 was derived from the 

FAA’s Aerospace forecast (FY2012-FY2032).  The FAA forecast assumes a 1.2 percent annual 

growth for commercial operations, thus increasing enroute traffic by 27% in 2030 over 2010 levels.  

All other assumptions remained the same. 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section 6.3, each figure associated with 

cumulative future conditions will be labeled as “Figure E.[number]”.  All graphics can be found 

at the end of this section. 

 

6.3.1 Day Night Average Sound Level (DNL) 

 

An enroute cumulative analysis DNL grid point evaluation was conducted for the future year 2030.  

The DNL results were plotted for each of the grid points within the IAI.  Figures E.1 and E.2 

show the DNL grid results for the 2030 conditions No Action and With Project cumulative 

scenarios, with Figure E.3 showing the change of exposure. 

 

Figure E.3 shows changes in DNL noise levels that would be either increases or decreases in noise 

of at least 5 dBA above existing ambient.  Six (6) grid points would experience a cumulative DNL 

change of exposure increase near Cal Black Memorial Airport; only one of these points would be 

located within GCNRA.  Four (4) points within GCNRA would experience a cumulative decrease 

in noise as measured by DNL change of exposure with the opening of the Cal Black Memorial 

Airport.  

 

Relative to the individual airport analysis in Section 4.2.1, a smaller number of points would 

experience a cumulative DNL noise increase with the enroute analysis added than if just the 

activity at the individual airports were considered.  The same site that would experience a DNL 

change of exposure increase in the individual airport analysis inside GCNRA would also 

experience an increase in the cumulative impact analysis.    When compared to the individual 

airport results, with enroute traffic added, there would be more grid points with DNL noise levels 

greater than the Management Zones ambient, but there would be less grid points with a change of 

+/- 5 DNL. 
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6.3.2 Maximum Sound Level (Lmax) 

 

The aircraft data used for Lmax consists of the same fleet mix for existing and future cumulative 

conditions, therefore the Lmax results are consistent between 2010 and 2030.  The Lmax results 

for Future Cumulative Conditions are the same as discussed in Section 6.2.2.   

 

6.3.3 Equivalent Noise Level [Leq(15-hour)] 

 

Using a similar system of presenting results as was included in Section 6.2 for the existing 

conditions, Figures E.4 and E.5 present the No Action and With Project Leq(15-hour) results for 

the cumulative analysis using the Management Zones ambient.  Color gradients are used in the 

graphics to distinguish among the various intensities of sound, using increments above existing 

ambient of: a) ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 

dBA, and e) 45 dBA Leq(15-hour) or more (note the ambient varies per grid based Management 

Zone – see Table 3).  Figure E.6 shows the change in exposure when comparing the With Project 

to the No Action. 

 

The cumulative Leq(15-hour) results show that eight (8) points near closed Halls Crossing Airport 

would experience a daytime decrease of at least 5 dBA Leq(15-hour). All eight points would be 

located within the GCNRA. Thirteen (13) points near Cal Black Memorial Airport would 

experience a cumulative daytime increase of at least 5 dBA Leq(15-hour).   Of the 13 grid points 

near Cal Black Memorial Airport that would experience the increase, only one (1) would be within 

GCNRA.  When compared to the individual airport results, with the cumulative enroute traffic, 

there would be more grid points with Leq(15-hour) noise levels greater than Management Zone 

ambient; however there would be less grid points with a change of +/- 5 Leq(15-hour). 

 

6.3.4 Time Above Ambient (TAA), using L50 for Management Zones Ambient Noise Levels 

 

The TAA (Management Zone ambient) was evaluated for the No Action in 2030, shown in Figure 

E.7, and the With Project, shown in Figure E.8.  The TAA levels above the Management Zone 

ambient from enroute activity alone would range from 77 to 149 minutes per day with an average 

of 129 minutes.  From the local airport activity alone, the TAA levels would range from 0 to 40 

minutes per day, with an average of 4 minutes.  To categorize the magnitude of the grid values, 

the TAA (Management Zone ambient) was divided into time “bins” of: a) 75.0 to 129.9 minutes, 

b) 130.0 to 139.9 minutes, c) 140.0 to 154.9 minutes and d) 155.0 minutes or more.  These bins 

are graphically shown in the above figures.  The change of exposure between the With Project and 

No Action was then computed.  Figure E.9 shows the locations that experienced a 5-minute or 

more change on a daily basis. 

 

Figure E.9 shows that seventy-seven (77) grid points near closed Halls Crossing Airport [seventy-

two (72) within GCNRA] would experience a cumulative TAA (Management Zone ambient) 

decrease of 5 minutes or more, while fifty-two (52) points near Cal Black Memorial 
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Airport would experience a cumulative increase of 5 minutes or more.  Six (6) of the fifty-two 

(52) points near Cal Black Memorial Airport that would experience a cumulative TAA increase 

would be located in GCNRA.  These results are similar to the results for the individual airports. 

 

6.3.5 Number of Events/day Above Ambient, using Management Zones L50 for Ambient 

Noise Levels 

 

For year 2030, the number of events per day that would produce noise above ambient (NAA) was 

evaluated for the No Action, shown in Figure E.10, and the With Project, shown in Figure E.11.  

The NAA levels above the Management Zone ambient from enroute activity alone ranged from 

225 to 370 events per day with an average of 313 events.  From the local airport activity alone, the 

NAA levels would range from 0 to 10 events per day, with an average of 2 events.  To categorize 

the magnitude of the grid values, the NAA above the Management Zones ambient was divided 

into event “bins” of: a) 225.0 to 289.9 events, b) 290.0 to 309.9 events, c) 310.0 to 329.9 events, 

d) 330.0 to 354.9, and e) 355.0 events or more per day.  These bins are graphically shown in the 

above referenced figures.  

 

The change of exposure between the With Project and No Action was then computed.  Figure 

D.15 shows the locations that would experience 2 events or more with noise above the ambient 

change on a daily basis with Cal Black Memorial Airport rather than with the Old Halls Crossing 

Airport.  Grid points that would experience an increase of 2 flight events or more are shown in 

pink.  Grid points that would experience a decrease of 2 flight events or more are shown in green. 

 

Figure E.12 shows eighty-two (82) grid points near closed Halls Crossing Airport would 

experience a cumulative NAA (Management Zone ambient) decrease of 2 events or more. Of 

these, seventy-seven (77) would be located within GCNRA. Thirty-four (34) points near Cal Black 

Memorial Airport would experience a cumulative increase of 2 events or more. Of the thirty-four 

(34) points near Cal Black Memorial Airport that would experience increased cumulative NAA, 

one would be located in the GCNRA.  These results are identical to the results for the individual 

airports. 
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Figure E.1 Future Conditions Cumulative No Action DNL Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure E.2 Future Conditions Cumulative With Project DNL Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure E.3 Future Conditions Cumulative DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure E.4 Future Conditions Cumulative No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure E.5 Future Conditions Cumulative With Project Leq (15 hr.) Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport
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Figure E.6 Future Conditions Cumulative Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure E.7 Future Conditions Cumulative No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Legend
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Figure E.8 Future Conditions Cumulative With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure E.9 Future Conditions Cumulative TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure E.10 Future Conditions Cumulative No Action NAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure E.11 Future Conditions Cumulative With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  Augustl 2013

Page 93

Figure E.12 Future Conditions Cumulative NAA Grid Change in Exposure (in events) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Introduction  
 
This Noise Analysis Protocol (Protocol) has been prepared to comply with the requirements from 
the Federal Aviation Administration’s Office of Airport Planning and Programming Airport 
Planning and Environmental Division for assessing airport noise impacts on national parks. This 
Protocol will be used to guide the noise analysis that will be documented in the Draft 
Supplemental Environmental Impact Statement and will follow the procedures in the Guidance 
on Procedures for Evaluating the Potential Noise Impacts of Airport Improvement Projects on 
National Parks and Other Sensitive Park Environments, Version 1.0 published in June 2007. 

This Protocol is part of the Supplemental Environmental Impact Statement (SEIS) being 
prepared for Cal Black Memorial Airport. The Federal Aviation Administration (FAA) is 
preparing the SEIS in response to the 1993 Court Case which directed the FAA to conduct 
further evaluations of the effects of the Airport on noise in the Glen Canyon National Recreation 
Area (GCNRA).  The GCNRA is a popular location for water based recreation on Lake Powell, 
including boating, as well as backcountry activities in the more secluded areas.  In 2007, the 
FAA Office of Planning and Programming, Planning and Environmental Division (APP-400), in 
consultation with  the Office of Environment and Energy (AEE), issued guidance for considering 
effects of aviation on national parks through a standard protocol.  This document tailors the 
national protocol to the specifics of the construction of Cal Black Memorial Airport (an airport 
that replaced the old Halls Crossing Airport, which is now closed), on national park units.  The 
Protocol describes the project history, noise sensitive land uses, resources, and the types of noise 
analysis that will be analyzed in this Protocol and as part of the SEIS. 

Background 
 
In the 1980’s, San Juan County proposed the construction of a replacement airport for Halls Crossing 
Airport, which was located within the GCNRA.  The FAA was the lead agency, with the Bureau of 
Land Management (BLM) and National Park Service (NPS) as cooperating agencies in the 
development of an Environmental Impact Statement (EIS) analyzing the alternatives and impacts of 
construction of the proposed airport.   
 
In 1990, the Federal Aviation Administration (FAA) issued a Final EIS for a replacement airport near 
Halls Crossing, Utah to be located entirely outside the GCNRA boundaries.  In August 1990, the 
FAA issued a Record of Decision (ROD) approving the development of Cal Black Memorial Airport 
and conveying the land from BLM to San Juan County.   
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The BLM issued a Patent for the airport land to San Juan County in September, 1990.  In October 
1990, the National Parks and Conservations Association et.al. filed a petition with the 10th Circuit 
Court of Appeals to appeal and stay the decision.  In April 1991, the court denied the stay, and 
construction of the Cal Black Memorial Airport was initiated. Cal Black Memorial Airport has now 
been operational for nearly 20 years. 
 
Cal Black Memorial Airport is located in the Southern region of Utah; access to the Airport is from 
Highway 276. The Airport is located just to the south of the GCNRA, less than one mile from the 
southern boundary and approximately 20 miles east of Halls Crossing, Utah.  Cal Black Memorial 
Airport is currently operated with one runway, a connector taxiway system, a fuel farm, hangars, 
FBO facility and an aircraft-parking apron.  Cal Black Memorial Airport is on land owned by the 
Bureau of Land Management (BLM) and is operated by San Juan County through an agreement 
between these parties.  In 2011, there were 1,370 operations at Cal Black Memorial Airport, or 
approximately four operations per day.  Approximately 83% of the operations are by single-engine 
piston aircraft. The remaining 17% of the operations are by multi-engine piston, helicopter, and jet in 
that order. The day-to-day operation of the Airport is the responsibility of a Fixed Base Operator 
(FBO)/manager at the Airport.  The San Juan County Commission is responsible for the operational 
and development needs of the Airport, as well as the compliance with all Federal and state 
regulations, which pertain to the operation of the Airport.   
 
The Airport is situated at an elevation of approximately 4,388 feet above mean sea level and 
contains approximately 382 acres.  It is classified as a General Aviation service airport, with a 
role in the national airspace system of serving Basic Utility type aircraft, with an Airport 
Reference Code (ARC) of B-II.  The primary users of Cal Black Memorial Airport are small 
single-engine piston aircraft, including the National Park Service that flies from Bull Frog 
Airport, located in GCNRA, to Cal Black Memorial Airport. See Figure 1 for the location of Cal 
Black Memorial Airport. 
 
The Cal Black Memorial Airport SEIS is being prepared for the Federal Aviation Administration 
in response to the 1993 court decision, referred to as National Parks and Conservation 
Association vs. Federal Aviation Administration.  A SEIS was submitted as a draft to the FAA in 
2002, but the final SEIS was never formally submitted.  This SEIS will address the requirements 
of the U.S. Court of Appeals findings relative to the FAA’s issues. The BLM conducted its own 
studies relative to BLM actions, including the Monticello Field Office Resource Management 
Plan and Record of Decision published in November 2008. The Noise Analysis Protocol is the 
next step for the FAA in evaluating potential noise impacts from operations at the Cal Black 
Memorial Airport.   
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Figure 1 Airport Location and Initial Area of Investigation

Note:  The Initial Area of Investigation (IAI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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The initial steps in the noise analysis have been completed for the Cal Black Memorial Airport 
SEIS, including identifying the Initial Area of Investigation and preparing the Noise Screening 
Assessment. The Cal Black Memorial Airport SEIS Initial Area of Investigation includes 
GCNRA, Cal Black Memorial Airport, Bull Frog Airport, and Halls Crossing Airport (closed).1  
Cal Black Memorial Airport is located on Bureau of Land Management (BLM) land while Bull 
Frog Airport and Halls Crossing Airport (closed) are/were located within the GCNRA. For 
purposes of this Protocol, Halls Crossing Airport will be referred to as “closed Halls Crossing 
Airport.” 

Noise Screening Assessment 
 
Initial Area of Investigation 

A Noise Screening Assessment was prepared to determine the Initial Area of Investigation (IAI).  
The IAI was the first step of the noise analysis which identifies a geographic area that could 
experience a decrease or increase in noise exposure due to aircraft operations from a project.  
Using the FAA’s Integrated Noise Model (INM) 7.0c, the IAI was determined by the loudest 
aircraft using the Cal Black Memorial Airport that flies at a cruise altitude above 10,000 AGL. 
This aircraft was determined through aircraft flight logs recorded by the FBO staff.  The loudest 
aircraft at cruise above 10,000 feet AGL is the Cessna Citation CJ3 jet.  It should be noted that 
jet aircraft operations at the Cal Black Memorial Airport are relatively infrequent (only between 
one and two jets arriving at the Cal Black Memorial Airport per month) and that there are no 
aircraft that fully meet the criteria for establishing the IAI as defined in the Guidance on 
Procedures for Evaluating the Potential Noise Impacts of Airport Improvement Projects on 
National Parks and Other Sensitive Park Environments, Version 1.0.  Nonetheless, the Cessna 
Citation was determined to be the best representative aircraft develop the IAI for the noise 
screening assessment because of its noise characteristics.   

It takes approximately 18 NM for the Cessna Citation to climb to 10,000 feet.  The IAI consists 
of two overlapping 18 NM rings centered on the closed Halls Crossing Airport and Cal Black 
Memorial Airport is shown in Figure 1.    

                                                           
1  Because this analysis is being prepared to respond to the original EIS addressing the construction of the Cal 

Black Memorial Airport, the No Action will reflect a theoretical condition (as if Halls Crossing had remained 
open). 
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There are three land uses within this 18 mile ring, including two national parks and BLM land. 
The Cal Black Memorial Airport is located on BLM land, outside of  GCNRA boundaries.  The 
GCNRA is to the north of the Airport and Capital Reef National Park is located adjacent and to 
the northwest of GCNRA; both are National Park lands.  Lake Powell is located within the 
GCNRA and is a popular location for water based recreation, including boating. 

The Noise Screening Assessment grid point analysis showed the operation of the Cal Black 
Memorial Airport has resulted in a change of exposure (COE) greater than 3 dB for DNL and 
LMax metrics.2  In accordance with FAA’s Guidance on Procedures for Evaluating the 
Potential Noise Impacts of Airport Improvement Projects on National Parks and Other Sensitive 
Park Environments, Version 1.0, and as described below, a more detailed noise analysis will be 
conducted to analyze the changes in noise exposure that resulted from the opening of Cal Black 
Memorial Airport and closure of Halls Crossing Airport.  

Coordination 

According to FAA NPS Guidance, there are several factors that determine how much 
coordination is required with regional resource agencies, tribes, and individual park units. For 
this SEIS, the Cooperating Agencies are the BLM and NPS. These agencies are participating as 
Cooperating Agencies because of the possible effects of aircraft noise on publicly owned lands 
and because the airports being studied in the SEIS are located on these public lands. The BLM 
has primary jurisdiction over the land upon which the Cal Black Memorial Airport was built. The 
NPS has primary jurisdiction over the land that the closed Halls Crossings Airport and Bull Frog 
Airport are located. 

The Cooperating Agencies have been involved throughout the process, beginning with the 
scoping process. Since the beginning of the SEIS process, meetings have been held with the 
FAA, NPS, and BLM. On September 22, 2010, scoping meetings were held in Blanding, Utah; 
they were meetings open to agencies and the public to encourage comments regarding the SEIS 
scope. The meeting notice was sent to agencies, organizations, and individuals. Scoping 
materials and comments received are attached in Appendix A.  Subsequent to the public scoping 
meeting, multiple meetings have been conducted with BLM and NPS.  Most recently, the FAA 
met with representatives from NPS on November 18, 2011 to review the draft results of the 
Noise Screening Assessment. 

                                                           
2  The COE greater than 3 dB occurs when comparing the Cal Black Memorial Airport to a theoretical condition 

of the closed Halls Crossing Airport.  
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Within the FAA, there is internal coordination process for this Noise Analysis Protocol, per FAA 
Order 1050.1E and Order 5050.4B.  After the FAA has completed its internal review, the FAA 
will provide the Noise Analysis Protocol to the NPS and BLM prior to starting the analysis. 

Noise Analysis Protocol 
 
The Noise Analysis will be guided by Section V of the Guidance on Procedures for Evaluating 
the Potential Noise Impacts of Airport Improvement Projects on National Parks and Other 
Sensitive Park Environments, Version 1.0 published in June 2007.  This protocol will in part use 
information gathered in the IAI and Noise Screening Assessment. It is anticipated that the IAI 
will be adequate; therefore the area within the IAI will be carried forward as the Area of 
Investigation (AI). 

The Protocol uses annual average and single event metrics to describe the noise. With the small 
number of operations at the Cal Black Memorial Airport, this Protocol focuses heavily on single 
event and supplemental metrics to determine changes in noise. In 2011, there were 1,370 
operations at Cal Black Memorial Airport, or approximately four operations per day.  

Protocol Scope and Approach 

This section identifies the analysis that will be prepared for the Supplemental EIS. 

Step 1- Inventory Existing Data 

As stated in the Background, the Noise Screening Assessment was completed.  Many of the 
inputs required for the Noise Screening Assessment are applicable for the Noise Analysis. The 
data inventory shall include the three airports located within and near the GCNRA, two of which 
are operating and one, Halls Crossing Airport, which is closed. 

The inventory will include gathering information relating to the location of the airports relative 
to GCNRA boundaries, and a brief background of each airport status. The data will be taken 
from public records, past studies, and other existing documentation, including operational logs 
from each airport. The operational logs include detailed information about each aircraft 
operation, including operations by the National Park Service.  ASDi radar data has been 
collected for the study area; however, there is no local radar coverage and availability of low 
altitude flight tracks in the study area is minimal.  The majority of the surveillance data available 
is for aircraft operating at or above 18,000 msl.  Lower altitude flight tracks will be generated 
from observations as well as input from the Airport and pilots.  
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The data include: 

• Runway layout and runway end latitude and longitude coordinates 
• Runway utilization by aircraft type 
• Arrival, departure, and touch-and-go flight track locations 
• Aircraft arrival and departure profiles 
• Local and en route flight track utilization by aircraft type 
• Annual operations and aircraft fleet mix 
• Time of day of operations 

The inventory will be used to develop the requisite inputs for the INM to generate all of the noise 
metrics to be used in the Supplemental EIS, both single event and cumulative noise levels.  The 
data will be presented in text form, with supporting tables and graphics. 

Step 2 – Inventory Ambient Noise Measurements 

Aircraft operations at Cal Black Memorial Airport and Bull Frog Airport are subject to seasonal 
activity and are busiest during summer holiday weekends, with Cal Black Memorial Airport 
averaging approximately four operations per day over the year. Noise monitoring was conducted 
August 24 through October 9, 2010 so that a higher number of aircraft operations could be 
captured during the monitoring period. Five of the seven locations where monitoring was 
conducted are located within GCNRA; however,  none of those sites were near the shore of Lake 
Powell where background noise levels are often higher due to boating and other recreational 
activities.  As such, the noise monitoring data does not factor in the areas of higher ambient noise 
levels that occur on and around the lake, therefore making the average ambient noise levels more 
conservative.  The locations of noise monitoring were coordinated with the NPS and were 
generally at the same locations as the noise monitoring locations conducted earlier for the EIS.  
Per the request of the NPS and agreement from FAA, the locations of noise monitoring reflect a 
conservative analysis that focuses on the more noise sensitive outlying park areas.   

This noise measurement inventory data was used during the Noise Screening Assessment to 
determine ambient noise levels, as well as gather data on aircraft operations.  For the SEIS, the 
completed noise measurement program will be analyzed to determine the ambient noise level 
descriptor (L50). 

The data will be presented in tabular form, with supporting text and graphics and include an 
appendix with the report containing the noise events.   
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Step 3 –Noise Analysis 

There are two levels of noise analysis for the Cal Black Memorial Airport SEIS, “standard 
required noise contour analysis” and “supplemental parks (SP) grid point analysis.”  The 
standard noise contour analysis is responsible for Day Night Average Sound Level (DNL) 
analysis while the SP analysis provides additional information to support the cumulative noise 
findings. As the DNL contours will generally be limited to airport property, the SP grid point 
analysis will focus on the supplemental metrics as listed in Step 3b. 

The analysis will be guided by the change of exposure (COE) analysis for project-related and 
cumulative impacts, as follows: 
 

• +/- 3dB COE for single event loudness (Lmax) for aircraft operating at Cal Black 
Memorial Airport 

• +/- 5 dB COE for cumulative noise descriptions between 45-60 dB (DNL, Leq) 
• +/- 3 dB COE for cumulative noise descriptors between 60-65 dB (DNL) 
• +/- 1.5 dB COE for cumulative noise descriptors above 65 dB (DNL) 

Step 3a – Standard Required Noise Contour Analysis 

The standard noise contour analysis involves generating the DNL 65 dB noise contour to identify 
areas of expected changes around the three airports identified for this project. The operations at 
each airport are generated predominately by small, single engine piston aircraft. Due to the size 
of the aircraft and relatively small number of operations, the DNL 65 dB noise contours are 
expected to stay within the airport boundaries and perhaps even on the runway itself.  

The Day Night Average Sound Level (DNL) describes noise experienced during an entire (24-
hour) day. The DNL calculations account for the sound exposure level of aircraft and the number 
of aircraft operations, and include a penalty for nighttime operations. In the DNL scale, noise 
occurring between the hours of 10 pm and 7 am is weighted by an additional 10 dB. This penalty 
was selected by the FAA to account for the higher sensitivity to noise in the nighttime hours and 
the expected further decrease in background noise levels that typically occur at night. 

The DNL noise contour will be generated using standard INM version 7.0c inputs including the 
information collected during  the inventory of existing data (described in Step 1 above).  These 
inputs will generate the DNL noise contours to be plotted on an aerial base map. The data will be 
presented on an aerial base map with supporting tabular data and text describing the specific 
inputs and their source. The COE will be described for the DNL 65 dB.   
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Step 3b – Supplemental Noise Analysis 

The supplemental noise analysis for the Cal Black Memorial Airport SEIS is expected to be 
extensive, given the small nature of the DNL noise contours. There are four supplemental A-
weighted metrics that will be measured and presented in the MNA. 

• Maximum Sound Level (Lmax) 
• Equivalent Noise Level (Leq) 
• Time Above Ambient (TAA), using L50 for ambient noise levels 
• Number of Events/day Above Ambient, using L50 for ambient noise levels 

The measurements from the noise management program will be used to support the supplemental 
noise analysis, providing cumulative ambient.  The COE will be described for Leq and Lmax.  
These inputs will generate the supplemental Lmax noise contours to be plotted on an aerial base 
map for each landing/takeoff cycle. The data will be presented on an aerial base map with 
supporting tabular data and text describing the specific inputs. 

Step 4 – Prepare Results 

The results of each step will be gathered into a report, chaptered as each step is shown in this 
protocol. 

Step 4a – Prepare Draft Report 

A draft  Noise Analysis will be presented to the FAA for its review only, providing information in 
the same order as this protocol: Background, Inventory of Existing Data, Inventory of Ambient 
Measurements, and Noise Analysis; Standard Required Noise Contour Analysis and Supplemental 
Noise Analysis.  The FAA will comment and review the document. A revised version will be 
prepared for the cooperating agency review and comment. Distribution will be made by the FAA. 
 

Step 4b – Prepare Final Report 

A final Noise Analysis will be prepared and provided to the FAA for review and forwarding to 
cooperating agencies. 
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Additional Noise Monitoring and Modeling Results 

 

At the request of the National Park Service (NPS), a cooperating agency for the preparation of the 

Supplemental Environmental Impact Statement (SEIS), an additional noise analysis was prepared 

to consider the effects on the modeling results when using an alternate calculated ambient noise 

levels.  This attachment also provides additional details regarding the noise measurement 

locations, methodology, and results conducted for the SEIS. 

 

The ambient sound level used in the main noise analysis (L50) was measured using the Percentile 

Noise Level (Ln).  Percentile Noise Level is the noise level exceeded for specified percentages (n) 

of the time.  The L50 noise metric represents the sound level exceeded 50% of the time, or half the 

time.   

 

For the analysis within this attachment, the ambient sound level used was the Lnat (natural 

ambient). The Lnat is a calculated noise metric that is intended to represent the natural ambient 

that would be present if there were no man-made sounds.  Man-made sounds include aircraft, 

vehicles, boats, and people activities.  The Lnat was determined based upon 1) measuring 

audibility (the percent of time that man-made sounds can be heard) and 2) taking this percentage 

value that then removes/subtracts the same percentage of the highest noise of the measurement 

sample.  The L50 of the remaining noise is the calculated Lnat.  

 

B.1 Noise Measurement Locations and Results 

 

Section 3.2 summarizes the noise monitoring conducted for this noise analysis.  The field noise 

measurement program conducted for this study included the use of portable noise measurement 

sites that recorded the 1-second noise levels on a continuous basis. These data were analyzed to 

compute other noise metrics.  The noise measurement survey served to:  

Identify ambient noise levels at multiple locations around the project area using 

standard noise metrics. 

 

The intention of the site selection was to identify locations to correlate the noise data with visitor 

experience to aircraft noise exposure both throughout the day and in times of presumed expected 

quiet. The following criteria were used for the specific sitting of each of the noise monitoring 

locations: 

• Exposed to aircraft activity and other sources of noise 

• Representative of the potential exposure of park uses 

• Representative of the noise environment in the airport environs study area 

• Representative of areas where park visitors may expect natural quiet  
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• Not in close proximity to localized noise sources 

• Not in close proximity to active camp sites 

• Not in close proximity to heavy boating activities 

• Not in locations exposed to excessive higher wind speeds 

• Not in locations that are severely shielded from the aircraft activity 

• Security and access for noise monitor 

 

The locations of noise monitoring were coordinated with the NPS and were generally at the same 

locations as the noise monitoring locations conducted in 1998 for this SEIS.  Per the request of the 

NPS and agreement from FAA, the locations of noise monitoring reflect a conservative analysis 

that focuses on backcountry conditions away from the noisier Lake Powell area. 

 

Table B.1 shows the latitude and longitude of each noise monitoring location, and Figure A.5 

shows the location of each monitor.  A graphical picture of each site is also presented in Figures 

F.1 through F.7.  

 

Table B.1 

Noise Measurement Locations 

Cal Black Memorial Supplemental Environmental Impact Statement 

Site Name Latitude Longitude 

GLCA013 (BFA, #13) Bullfrog Airstrip 37.54208 -110.71522 

GLCA014 (HTR, #14) Hole-In-Rock Road 37.42980 -110.57435 

GLCA015 (CBA, #15) Cal Black Airport 37.43857 -110.56154 

GLCA016 (LKC, #16) Lake Canyon 37.43071 -110.65193 

GLCA017 (MKC, #17) Moqui Canyon 37.47441 -110.58277 

GLCA018 (FGC, #18) Forgotten Canyon 37.54443 -110.58262 

GLCA019 (HNC, #19) Hansen Creek 37.56828 -110.68369 

See Figures A.5, and F.1 through F.7 for illustrations showing these locations. 

Source: BridgeNet International, 2010
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B.2 Noise Measurement Methodology 

 

The monitoring program was consistent with state-of-the-art noise measurement procedures and 

equipment.  The measurements consisted of monitoring A-weighted decibels in accordance with 

procedures and equipment that comply with specific International Standards (IEC), and 

measurement standards established by the American National Standards Institute (ANSI) for Type 

1 instrumentation, as specified in Appendix A of the FAA Guidance on Procedures for Evaluating 

the Potential Noise Impacts of Airport Improvement Projects on National Parks and Other 

Sensitive Park Environments, Version 1.0 published in June 2007. Measurements at these sites 

were conducted using a Larson Davis 870 (LD 870) sound level meter or a 01dB Solo sound level 

meter. The analyzers automatically calculate the various single event data and include software 

that provides data storage for later retrieval and analysis.  The measurements included A-weighted, 

1/3 octave, audio recording devices for audibility analysis and wind speed sensors for the sites 

within the Park (except for the developed location at Bullfrog Airstrip where there was not 

sufficient security). 

 

During the survey, technicians calibrated the noise monitoring equipment at the start and end of 

each measurement cycle. This calibration was based on standards set by the National Institute of 

Standards and Technology, formerly the National Bureau of Standards.  Technicians also 

maintained a record of the meteorological conditions during the measurement periods. 
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Legend
b Noise Monitoring Site

Figure F.1 Noise Monitoring Site (NMS) #13: Bullfrog Airstrip

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Legend
b Noise Monitoring Site

Figure F.2 Noise Monitoring Site (NMS) #14: Hole-In-Rock Road

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Legend

b Noise Monitoring Site

Figure F.3 Noise Monitoring Site (NMS) #15: Cal Black Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Legend
b Noise Monitoring Site

Figure F.4 Noise Monitoring Site (NMS) #16: Lake Canyon

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 500 1,000 1,500250
Feet



b
#17 Moqui Canyon

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 15

Legend
b Noise Monitoring Site

Figure F.5 Noise Monitoring Site (NMS) #17: Moqui Canyon

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Legend
b Noise Monitoring Site

Figure F.6 Noise Monitoring Site (NMS) #18: Forgotten Canyon

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure F.7 Noise Monitoring Site (NMS) #19: Hansen Creek

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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B.3 Noise Modeling Methodology 

 

This portion of the study discusses the calculated Lnat (natural ambient)  noise levels at each of 

the measurement sites. 

B.3.1 Ambient Noise Measurement Results 

 

The ambient sound levels used in Sections 2 through 6 of the Main Noise Analysis were calculated 

based on information from the noise survey.  Ambient sound level was measured using the 

Percentile Noise Levels (Ln).  Percentile Noise Level is the noise level exceeded for specified 

percentages (n) of the time (e.g., L50 represents the sound level exceeded 50% of the time), or half 

the time.  The information helps identify the ambient noise environment that represents the median 

level of natural ambient sound.  

 

Table B.2 shows the L50 ambient noise level average for the 2010 noise monitoring period.  In 

addition Table B.2 also presents other noise descriptors.  Included are: Leq(15-hour), L10, L90, 

and Lnat (natural ambient as defined in Section B.3.2).  Note that these additional metrics are 

presented for information purposes pursuant to the request of the NPS, a cooperating agency in 

this Supplemental EIS. 

 

Table B.2 

Noise Metrics for Information Purposes 

Cal Black Memorial Supplemental Environmental Impact Statement 

Site # Site name Management Zone 

Leq 

(24-hr) L10 L50 L90 Lnat 

GLCA013  

(BFA #13) Bullfrog Airstrip Development 47 45 27 18 22 

GLCA014  

(HTR #14) Hole-in-Rock Road BLM (near Rec. and Res.) 44 39 22 18 21 

GLCA015  

(CBA #15) Cal Black Airport BLM (near Rec. and Res.) 47 39 22 18 21 

GLCA016  

(LKC #16) Lake Canyon Recreation & Resource 45 39 24 19 21 

GLCA017  

(MKC #17) Moqui Canyon Natural 43 38 22 16 19 

GLCA018  

(FGC #18) Forgotten Canyon Natural 41 37 23 17 19 

GLCA019  

(HNC #19) Hansen Creek Recreation & Resource 40 33 23 17 21 

Notes: Leq, L10,L50, and L90 values are based upon 24-hour time periods.  Lnat is based upon a day time period 
from 7 am to 7 pm. Data from Site 16 was subject to localized insect noise during the nighttime.  Therefore the daytime 
period  measurements are presented and used in the study. 

Source: BridgeNet International, March 2013, NPS 
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B.3.2 Natural Ambient Model Results 

 

The grid analysis presented in Sections 1 through 6 of this report used an ambient level based upon 

the L50 measured noise levels, which varied based on where the grid was relative to NPS 

management zone.  Per the request of the NPS, a separate analysis was also prepared using Lnat 

(natural ambient).  The Lnat is a calculated noise metric that is intended to represent the natural 

ambient that would be present if there were no man-made sounds.  Man-made sounds include 

aircraft, vehicles, boats, and people-related activities.  The Lnat was determined based upon 1) 

measuring audibility (the percent of time that man-made sounds can be heard) and 2) taking this 

percentage value that then removes/subtracts the same percentage of the highest noise of the 

measurement sample.  The L50 of the remaining noise is the calculated Lnat and was used in this 

analysis.  The existing daytime Lnat is shown in Table B.2.  The management zone associated 

with each of the measurement sites were identified, and then based on the Lnat results, a 

management zone Lnat was identified.  For instance, measurement sites 17 and 18 represent the 

management zone “natural.”  The Lnat at both sites was 19 dBA.  Therefore, this sound level was 

used to describe the Lnat for the natural management zone.  

 

Table B.3 

Lnat Noise Levels per Management Zone 

Cal Black Memorial Supplemental Environmental Impact Statement 

 

Management Zone Measurement 

Site #’s 

Lnat 

Natural 17, 18 19 dBA 

Recreation & Resource Utilization, BLM, Other 14, 15, 16, 19 21 dBA 

Development 13 22 dBA 

Source: BridgeNet International, March 2013, NPS. 

 

B.4 Existing Conditions (2010) Noise Analysis (Lnat) 

 

The existing conditions grid analysis is presented using management zones Lnat.  This data is 

presented per the request of the NPS. 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section B.4, each figure associated with 

existing conditions (Lnat) will be labeled as “Figure G.[number]”.  All graphics can be found at 

the end of this section. 
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B.4.1 Day Night Average Sound Level (DNL) using Management Zones Lnat for Ambient 

Noise Levels 

 

The DNL grid point analysis using Management Zones Lnat was plotted at each of the grid points 

within the IAI boundary.  Figures G.1 and G.2 show the DNL Management Zones Lnat grid point 

results for the existing conditions (2010) No Action and With Project scenarios, with Figure G.3 

showing the change of exposure. 

 

Figure G.3  shows the change in exposure results for all changes in DNL Management Zones Lnat 

noise levels that were either increases or decreases in noise of 5 dBA or greater.  Thirty-nine (39) 

grid points showed a DNL (Management Zones Lnat) change of exposure increase near Cal Black 

Memorial Airport.  Three (3) of the grid points that showed DNL (Management Zones Lnat) 

change of exposure increases occurred in GCNRA; the remaining thirty-six (36) points were 

outside GCNRA.  In contrast, twenty-seven (27) points (all within GCNRA) experienced a 

decrease in noise with the opening of the Cal Black Memorial Airport as measured by DNL. 

B.4.2 Maximum Sound Level (Lmax) using Management Zones Lnat for Ambient Noise 

Levels 

 

Figure G.4 shows the No Action Lmax (Management Zones Lnat) while Figure G.5 shows the 

With Project Lmax (Management Zones Lnat).  Color gradients are used in the graphics to 

distinguish among the various intensities of sound, using increments above existing ambient of: a) 

ambient to 29.9 dBA, b) 30.0 to 44.9 dBA, c) 45.0 to 54.9 dBA, d) 55.0 to 64.9 dBA, and e) 65 

dBA Lmax and above (note the ambient varies per grid based Management Zone Lnat that varies 

from 19 to 22 dBA, as described in Table B.3).  Figure G.6 then shows the change of exposure 

when comparing the With Project to the No Action.  Color gradients are used to show increases 

(shades of blue) and decreases (shades of orange) in increments of 10 dBA or greater, 5.0 to 9.9 

dBA, and 3.0 to 4.9 dBA. 

B.4.3 Equivalent Noise Level [Leq(15-hour)] using Management Zones Lnat for Ambient 

Noise Levels 

 

Using a similar system of presenting results, Figures G.7 and G.8 present the No Action and With 

Project Leq(15-hour Management Zones Lnat) grid point analysis.  Color gradients are used in the 

graphics to distinguish among the various intensities of sound, using increments above existing 

ambient of: a) ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 

dBA, and e) 45.0 dBA Leq(15-hour Management Zones Lnat) or above (note the ambient varies 

per grid based Management Zone Lnat as shown in Table B.3).  Figure G.9 shows the change in 

exposure when comparing the With Project to the No Action. 

 

Similar to the DNL grid point analysis, Figure G.9 shows the change in exposure results in 

Leq(15-hour Management Zones Lnat) noise levels that were either increases or decreases in noise 

of 5 dBA or greater.  Sixty-five (65) grid points showed a Leq(15-hour Management Zones Lnat) 



 

Attachment B 
Cal Black Memorial Airport  August 2013 
Supplemental Environmental Impact Statement    
Noise Analysis  Page 21 

change of exposure increase near Cal Black Memorial Airport.  Eight (8) of the Leq(15-hour 

Management Zones Lnat) change of exposure increases occurred in GCNRA and the remaining 

fifty-seven (57) points were outside GCNRA.  In contrast, thirty-one (31) points (28 within 

GCNRA) experienced a decrease in noise with the opening of the Cal Black Memorial Airport as 

measured by Leq(15-hour Management Zones Lnat). 

 

B.4.4 Time Above Ambient (TAA), using Management Zones Lnat for Ambient Noise Levels 

 

For year 2010, the TAA (Management Zones Lnat) was evaluated for the No Action, shown in 

Figure G.10, and the With Project, shown in Figure G.11.  The TAA (Management Zone Lnat) 

was divided into time “bins” of: a) 3.0 to 4.9 minutes, b) 5.0 to 8.9 minutes, c) 9.0 to 16.9 minutes, 

c) 17.0 to 24.9 minutes, and d) 25 minutes or more.  The change of exposure between the With 

Project and No Action was then computed.  Figure G.12 shows the locations that experienced a 5 

minute or more change on a daily basis. 

 

Figure G.12 shows that sixty-nine (69) grid points near closed Halls Crossing experienced a TAA 

(Management Zones Lnat) decrease of 5 minutes or more; only one of these grid points was located 

outside GCNRA. Fifty (50) points near Cal Black Memorial Airport experienced an increase of 5 

minutes or more.  Of these 50 points, six (6) were located in GCNRA and the remainder (44 points) 

were outside the park.   

 

B.4.5 Number of Events/day Above Ambient, using Management Zones Lnat for ambient 

noise levels 

 

For year 2010, the number of events per day producing NAA (Management Zones Lnat) was 

evaluated for the No Action, shown in Figure G.13, and the With Project, shown in Figure G.14.  

The NAA (Management Zones Lnat) was divided into event “bins” of: a) 1.0 to 2.9 events, c) 3.0 

to 4.9 events, and c) 5.0 events or more.  The change of exposure between the With Project and 

No Action was then computed.  Figure G.15 shows the locations that experienced a change of 2 

events or more with noise above the ambient on a daily basis. 

 

Figure G.15 shows that thirty-four (34) grid points in the IAI  experienced a NAA (Management 

Zones Lnat) decrease of 2 events or more, while no points (0) in the IAI experienced an increase 

of 2 events or more.  All thirty-four (34) of the points near the closed Halls Crossing Airport that 

experienced a decreased NAA (Management Zones Lnat) were located in GCNRA. 
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Figure G.2 Existing Conditions (Management Zone Lnat) with Project DNL Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure G.3 Existing Conditions (Management Zone Lnat) DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure G.4 Existing Conditions (Management Zone Lnat) No Action Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.5 Existing Conditions (Management Zone Lnat) with Project Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.6 Existing Conditions (Management Zone Lnat) Lmax Grid Change in Exposure Results for 
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.7 Existing Conditions (Management Zone Lnat) No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure G.8 Existing Conditions (Management Zone Lnat) with Project Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure G.9 Existing Condition (Management Zone Lnat) Leq (15 hr.) Grid Change in Exposure for 
No Action and With Project
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Figure G.10 Existing Conditions (Managment Zone Lnat) No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 32

Legend
Management Zone Lnat

Grid Values
With Project (In Minutes Per Day)

3.0 to 4.9 Minutes

5.0 to 8.9 Minutes

9.0 to 16.9 Minutes

17.0 to 24.9 Minutes

>= 25.0 Minutes

)p Airport Locations

Area of Investigation

National Park Service Boundary

Figure G.11 Existing Conditions (Management Zone Lnat) With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.12 Existing Conditions (Management Zone Lnat) TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.13 Existing Conditions (Management Zone Lnat) No Action NAA Grid Results 
Hall Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.14 Existing Conditions (Management Zone Lnat) With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure G.15 Existing Conditions (Management Zone Lnat) NAA Grid Change in Exposure (in events) for
No Project and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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GeoEye, i-cubed, USDA, USGS, AEX,
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B.5 Future Conditions (2030) Noise Analysis (Lnat) 

 

Similar to the existing conditions analysis described in Section B.4, this section considers the 

noise analysis for future conditions using the Lnat metric to describe ambient. 

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section B.5, each figure associated with future 

conditions (Lnat) will be labeled as “Figure H.[number]”.  All graphics can be found at the end of 

this section. 

 

B.5.1 Day Night Average Sound Level (DNL) using Management Zones Lnat for  

Ambient Noise Levels 

 

The DNL (Management Zones Lnat) grid point analysis was plotted at each of the grid points 

within the IAI boundary.  Figures H.1 and H.2 show the DNL (Management Zones Lnat) grid 

results for the 2030 conditions No Action and With Project scenarios, with Figure H.3 showing 

the change of exposure. 

 

Figure H.3 shows the change in exposure results for all changes in DNL (Management Zones 

Lnat) noise levels that would either increase or decrease in noise by 5 dBA or greater.  Fifty-three 

(53) grid points would show a DNL change of exposure increase near Cal Black Memorial Airport.  

Three (3) of the DNL change of exposure increases would occur in GCNRA and the remaining 

fifty (50) points would be outside GCNRA.  In contrast, twenty-nine (29) points (27 within 

GCNRA) would experience a decrease in noise with the opening of the Cal Black Memorial 

Airport as measured by DNL (Management Zones Lnat). 

 

B.5.2 Maximum Sound Level (Lmax) using Management Zones Lnat for Ambient Noise 

Levels 

 

The aircraft data used for Lmax (Management Zones Lnat) consists of the same fleet mix for 

existing and future conditions, therefore the Lmax results are consistent between 2010 and 2030.  

The Lmax (Management Zones Lnat) results for Future Conditions are the same as discussed in 

Section B.2.2. 
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B.5.3 Equivalent Noise Level [Leq(15-hour)]using Management Zones Lnat for Ambient 

Noise Levels 

 

Using a similar system of presenting results as was included in Section 4 for the existing 

conditions, Figures H.4 and H.5 present the No Action and With Project Leq(15-hour 

Management Zones Lnat) results for year 2030.  Color gradients are used in the graphics to 

distinguish among the various intensities of sound, using increments above existing ambient of: a) 

ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 dBA, and e) 45 

dBA Leq(15-hour Management Zones Lnat) and above (note the ambient varies per Management 

Zone Lnat – see Table B.3).  Figure H.6 shows the change in exposure when comparing the With 

Project to the No Action.  

 

Similar to the DNL grid point analysis, Figure H.6 shows the year 2030 Leq(15-hour Management 

Zones Lnat) change in exposure results for all changes in Leq(15-hour Management Zones Lnat) 

noise levels that would be either increases or decreases in noise of 5 dBA or greater.  Seventy-nine 

(79) grid points would show a Leq(15-hour Management Zones Lnat) change of exposure increase 

near Cal Black Memorial Airport in 2030.  Eleven (11) of the Leq(15-hour Management Zones 

Lnat) change of exposure increases would occur in GCNRA and the remaining sixty-eight (68) 

points would be outside.  In contrast, thirty-two (32) points would experience a decrease in noise 

with the opening of the Cal Black Memorial Airport as measured by Leq(15-hour Management 

Zones Lnat).  Of the 32 grid points that would experience a decrease, 28 would be within the 

GCNRA. 

 

B.5.4 Time Above Ambient (TAA), using Management Zones Lnat for Ambient Noise Levels 

 

The TAA (Management Zones Lnat) was evaluated for the No Action in 2030, shown in Figure 

H.7, and the With Project, shown in Figure H.8. The TAA (Management Zone Lnat) was divided 

into time “bins” of: a) 3.0 to 4.9 minutes, b) 5.0 to 8.9 minutes, c) 9.0 to 16.9 minutes, c) 17.0 to 

24.9 minutes, and d) 25 minutes or more. The change of exposure between the With Project and 

No Action was then computed.  Figure H.9 shows the locations that would experience a 5-minute 

or more change on a daily basis. 

 

Figure H.9 shows that ninety-five (95) grid points near closed Halls Crossing  would experience 

a TAA (Management Zones Lnat) decrease of 5 minutes or more, while sixty-seven (67) points 

near Cal Black Memorial Airport would experience an increase of 5 minutes or more.  Of the 95 

points that would experience a decrease in noise, 84 points would be within GCNRA. Of the 67 

points that would experience an increase in noise, seven (7) would be located in GCNRA.  
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B.5.5 Number of Events/day Above Ambient, using Management Zones Lnat for Ambient 

Noise Levels 

 

For year 2030, the number of events per day that would produce NAA Management Zones Lnat 

was evaluated for the No Action, shown in Figure H.10, and the With Project, shown in Figure 

H.11.  The NAA (Management Zones Lnat) was divided into event “bins” of: a) 1.0 to 2.9 events, 

b) 3.0 to 4.9 events, and c) 5 events or more.  The change of exposure between the With Project 

and No Action was then computed.  Figure H.12 shows the locations that would experience 2 

events or more with noise above the Lnat change on a daily basis. 

 

Figure H.12 shows that seventy-eight (78) grid points near closed Halls Crossing would 

experience a NAA (Management Zones Lnat) decrease of 2 events or more, while twenty-five 

(25) points near Cal Black Memorial Airport would experience an increase of 2 events or more.  

Of the 78 points that would experience a decrease in NAA (Management Zones Lnat), 73 would 

be located in GCNRA. All 25 points that would experience a decrease in NAA (Management 

Zones Lnat) would be located outside GCNRA. 
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Figure H.1 Future Conditions (Management Zone Lnat) No Action DNL Grid Results for 
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure H.2 Future Conditions (Management Zone Lnat) with Project DNL Grid Results for 
Halls Crossing Airport (closed) and Bullfrog Basin Airport

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 42

Legend
Management Zone Lnat
Grid Values (2030)
Change

-5 dBA above ambient

+5 dBA above ambient

+3 dBA within 60 DNL

+1.5 dBA within 65 DNL

)p Airport Locations

Area of Investigation

National Park Service Boundary

Figure H.3 Future Conditions (Management Zone Lnat) DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure H.4 Future Conditions (Management Zone Lnat) No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure H.5 Future Conditions (Management Zone Lnat) with Project Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure H.6 Future Conditions (Management Zone Lnat) Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure H.7 Future Conditions (Management Zone Lnat) No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure H.8 Future Conditions (Management Zone Lnat) With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure H.9 Future Conditions (Management Zone Lnat) TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure H.10 Future Conditions (Management Zone Lnat) No Action NAA Grid Results 
Hall Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.

0 5 102.5
Nautical Miles



)p

)p

)p

Bullfrog Basin

Old Halls (Closed)

Cal Black Memorial

N

Cal Black Memorial Airport
Supplemental Environmental Impact Statement
Noise Assessment Protocol

  August 2013

Page 50

Legend
Management Zone Lnat

Grid Values (2030)
With Project - Events per Day

1.0 to 2.9 Events

3.0 to 4.9 Events

>= 5.0 Events

)p Airport Locations

Area of Investigation

National Park Service Boundary

Figure H.11 Future Conditions (Management Zone Lnat) With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure H.12 Future Conditions (Management Zone Lnat) NAA Grid Change in Exposure (in events) for
No Project and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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B.6 Existing (2010) Cumulative Noise Impact Analysis (Lnat) 

 

The following sections briefly describe the changes in sound level metrics using the Lnat with the 

cumulative (enroute) activity added to the activity associated with the individual airports for the 

base year 2010.  

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section B.6, each figure associated with 

cumulative existing conditions (Lnat) will be labeled as “Figure I.[number]”.  All graphics can be 

found at the end of this section. 

 

B.6.1 Day Night Average Sound Level (DNL), using Management Zones Lnat for Ambient 

Noise Levels 

 

DNL (Management Zones Lnat) grid evaluation was conducted for the existing year 2010.  The 

DNL grid results were plotted at each of the grid points within the IAI boundary.  Figures I.1 and 

I.2 show the DNL grid results for the 2010 conditions No Action and With Project scenarios, with 

Figure I.3 showing the change of exposure. 

 

Figure I.3 shows 2010 cumulative DNL (Management Zones Lnat) change of exposure results in 

DNL (Management Zones Lnat) noise levels that were either increases or decreases in noise of at 

least 5 dBA above Management Zones Lnat.  Five (5) points within GCNRA experienced a 

decrease in cumulative noise as measured by DNL (Management Zones Lnat) change of exposure 

with the opening of the Cal Black Memorial Airport.  All five of these points were located in 

GCNRA.   

 

A total of five (5) points experienced a cumulative increase in DNL (Management Zones Lnat) 

with the opening of Cal Black Memorial relative to the old Halls Crossing Airport.  Four (4) of 

these points that experienced a cumulative increase in DNL (Management Zones Lnat) change of 

exposure were outside GCNRA, and one point was located in GCNRA.  The same site that 

experienced a DNL (Management Zones Lnat) change of exposure increase in the individual 

airport analysis inside GCNRA also experienced an increase in the cumulative impact analysis.   

 

Relative to the individual airport analysis in Section B.4, a smaller number of points experienced 

a cumulative DNL (Management Zones Lnat) noise increase with the enroute analysis added. With 

enroute traffic, more grid points experienced DNL (Management Zones Lnat) noise levels greater 

than the Management Zone Lnat, but less grid points experienced a change of +/- 5 DNL 

(Management Zones Lnat). 
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B.6.2 Maximum Sound Level (Lmax), using Management Zones Lnat for Ambient Noise 

Levels 

 

Figure I.4 shows the No Action Lmax (Management Zones Lnat) while Figure I.5 shows the 

With Project Lmax (Management Zones Lnat) in year 2010.  The cumulative Lmax is determined 

from taking the higher value between the Lmax from the individual airports and the Lmax from 

the enroute activity.  As was noted in the enroute cumulative analysis for L50 ambient, the Lmax 

associated with the individual airports is created by the Cessna Caravan, whereas the Lmax from 

the enroute traffic is a result of the hushkited B-727.   

 

Like the individual airport analysis, color gradients are used in the graphics to distinguish among 

the various intensities of sound, using increments above existing ambient of a) 40 to 49.9 dBA, b) 

50.0 to 59.9 dBA, c) 60.0 to 69.9 dBA, and d) 70.0 dBA or more Lmax (Management Zones Lnat).  

Figure I.6 then shows the change of exposure when comparing the With Project to the No Action.  

Color gradients are used here to show increases (blue) and decreases (orange) in increments of 

greater than 10 dBA, 5.0 to 10.0 dBA, and 3.0 to 4.9 dBA.  

 

When considering the Lmax results, those points that are closest to the individual airports have a 

Lmax that is created by the Cessna Caravan.  As points are further away from the individual 

airports, the Lmax created by the enroute operations (with the B727) is greater than that from the 

individual airports. 

 

B.6.3 Equivalent Noise Level [Leq(15-hour)], using Management Zones Lnat for Ambient 

Noise Levels 

 

Using a similar system of presenting results as was included in Section B.4 for the existing 

conditions, Figures I.7 and I.8 present the No Action and With Project Leq(15-hour Management 

Zones Lnat) results for the cumulative analysis.  Color gradients are used in the graphics to 

distinguish among the various intensities of sound, using increments above existing ambient of: a) 

ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 dBA, and e) 45 

dBA Leq(15-hour Management Zones Lnat) and above (note the ambient varies per grid based 

Management Zone Lnat as shown in Table B.3).  Figure I.9 shows the change in exposure when 

comparing the With Project to the No Action. 

 

Similar to the DNL analysis, Figure I.6 shows the Leq(15-hour Management Zones Lnat) change 

in exposure results for all changes in Leq(15-hour Management Zones Lnat) noise levels that either 

increased or decreased in noise by 5 dBA or greater. The Leq(15-hour Management Zones Lnat) 

results show that eight (8) points near closed Halls Crossing Airport experienced a cumulative 

daytime 5 dBA Leq(15-hour Management Zones Lnat) decrease and thirteen (13) points near Cal 

Black Memorial Airport experienced a cumulative daytime 5 dBA Leq(15-hour Management 

Zones Lnat) increase where noise levels are above Lnat.  All eight (8) points that decreased in 
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Leq(15-hour Management Zones Lnat) were inside GCNRA, while only one  grid point that 

experienced an increase was inside GCNRA.   

 

When compared to the individual airport results, the addition of the enroute traffic resulted in more 

grid points experiencing Leq(15-hour Management Zones Lnat) noise levels greater than the 

Management Zone Lnat, however less grid points experienced a change of +/- 5 Leq(15-hour 

Management Zones Lnat) with the cumulative enroute traffic. 

 

B.6.4 Time Above Ambient (TAA), using Management Zones Lnat for Ambient Noise Levels 

 

The TAA (Management Zones Lnat) was evaluated for the No Action in 2010, shown in Figure 

I.10, and the With Project, shown in Figure I.11.  The TAA (Management Zones Lnat) levels 

from enroute activity alone ranged from 108 to 162 minutes per day with an average of 133 

minutes.  From the local airport activity alone, the TAA (Management Zones Lnat) levels ranged 

from 0 to 36 minutes per day, with an average of 5 minutes.  To categorize the magnitude of the 

grid values, the TAA above the ambient (Management Zones Lnat) was divided into time “bins” 

of: a) 100.0 to 124.9 minutes, b) 125.0 to 149.9 minutes, c) 150.0 to 174.9 minutes and d) 175.0 

minutes or greater.  These bins are graphically shown in the above figures.  The change of exposure 

between the With Project and No Action was then computed.  Figure I.12 shows the locations that 

experienced a change in exposure of 5-minute or more on a daily basis.  Grid points with an 

increase of 5 minutes or more are shown in pink.  Grid points with a decrease of 5 minutes or more 

are shown in green. 

 

Figure I.12 shows that sixty-nine (69) grid points near closed Halls Crossing Airport experienced 

a cumulative TAA (Management Zones Lnat) decrease of 5 minutes or more. Of these points, 68 

are located within GCNRA.  Fifty (50) points near Cal Black Memorial Airport experienced a 

cumulative increase of 5 minutes or more.  Six (6) of the 50 points near Cal Black Memorial 

Airport that experienced a cumulative TAA (Management Zones Lnat) increase were located in 

GCNRA.   

 

These cumulative results are identical to the results for the individual airports for the same analysis 

timeframe. 

 

B.6.5 Number of Events/day Above Ambient, using Management Zones Lnat for Ambient 

Noise Levels 

 

For year 2010, the number of events per day that would produce noise above ambient (NAA) was 

evaluated for the No Action, shown in Figure I.13, and the With Project, shown in Figure I.14.  

The NAA levels above the Management Zone Lnat from enroute activity alone ranged from 236 

to 324 events per day with an average of 283 events.  From the local airport activity alone, the 

NAA (Management Zones Lnat) levels ranged from 0 to 8 events per day, with an average of 2 

events.  The NAA (Management Zones Lnat) was divided into event “bins” of: a) 225.0 to 249.9 
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events, b) 250.0 to 274.9 events, c) 275.0 to 299.9 events, and d) 300.0 events or more per day.  

These bins are graphically shown in the above referenced figures. The change of exposure between 

the With Project and No Action was then computed.  Figure I.15 shows the locations that 

experienced 2 events or more with noise above the ambient change on a daily basis.  Grid points 

that experienced an increase of 2 flight events or more are shown in pink.  Grid points that 

experienced a decrease of 2 flight events or more are shown in green. 

 

Figure I.15 shows that thirty-four (34) grid points (all within GCNRA) experienced a cumulative 

NAA (Management Zones Lnat) decrease of 2 events or more, while no points (0) experienced a 

cumulative increase of 2 events or more.   

 

These cumulative results are identical to the results for the individual airports. 
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Figure I.1 Existing Conditions (Management Zone Lnat) Cumulative No Action DNL Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure I.2 Existing Conditions (Management Zone Lnat) Cumulative with Project DNL Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure I.3 Existing Conditions (Management Zone Lnat) Cumulative DNL Grid Change in Exposure Results for 
No Action and With Project
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Figure I.4 Existing Conditions (Management Zone Lnat) Cumulative No Action Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.5 Existing Conditions (Management Zone Lnat) Cumulative with Project Lmax Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.6 Existing Conditions (Management Zone Lnat) Cumulative Lmax Grid Change in Exposure Results for 
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.7 Existing Conditions (Management Zone Lnat) Cumulative No Action Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure I.8 Existing Conditions (Management Zone Lnat) Cumulative with Project Leq (15 hr.) Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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Figure I.9 Existing Conditions (Management Zone Lnat) Cumulative Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure I.10 Existing Conditions (Management Zone Lnat) Cumulative No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.11 Existing Conditions (Management Zone Lnat) Cumulative With Project TAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.12 Existing Conditions (Management Zone Lnat) Cumulative TAA Grid Change in Exposure (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Service Layer Credits: Source: Esri, DigitalGlobe,
GeoEye, i-cubed, USDA, USGS, AEX,
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Figure I.13 Existing Conditions (Management Zone Lnat) Cumulative No Action NAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.14 Existing Conditions (Management Zone Lnat) Cumulative With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure I.15 Existing Conditions (Management Zone Lnat) Cumulative NAA Grid Change in Exposure (in events) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Service Layer Credits: Source: Esri, DigitalGlobe,
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B.7 Future (2030) Cumulative Noise Impact Analysis (Lnat) 

 

The following sections briefly describe the changes relative to the various metrics using the Lnat 

with the cumulative (enroute) activity added to the activity associated with the individual airports 

for the forecast year 2030.  

 

For all analyses, grid points were counted to determine whether they were located within or outside 

of GCNRA. These counts were calculated by Geographic Information Systems (GIS) software.  

Specifically, the GIS tool identified whether the centroid of each grid point was located inside or 

outside of the GCNRA boundaries. 

 

Due to the large number of graphics associated with Section B.7, each figure associated with 

cumulative future conditions (Lnat) will be labeled as “Figure J.[number]”.  All graphics can be 

found at the end of this section. 

 

B.7.1 Day Night Average Sound Level (DNL), using Management Zones Lnat for Ambient 

Noise Levels 

 

The DNL (Management Zones Lnat) grid point evaluation was conducted for the future year 2030 

for the cumulative/enroute traffic.  The DNL (Management Zones Lnat) was plotted at each of the 

grid points within the IAI boundary.  Figures J.1 and J.2 show the DNL (Management Zones 

Lnat) grid results for the 2030 conditions No Action and With Project scenarios, with Figure J.3 

showing the change of exposure. 

 

Figure J.3 shows change of exposure results in DNL (Management Zones Lnat) noise levels that 

would either increase or decrease in noise by 5 dBA or greater.  Four (4) points within GCNRA 

would experience a decrease in cumulative noise as measured by DNL (Management Zones Lnat) 

change of exposure in 2030 in the cumulative enroute analysis.   

 

Five (5) points outside GCNRA would experience a cumulative increase in DNL (Management 

Zones Lnat) change of exposure, and one point within the GCNRA would experience a cumulative 

increase (a total of 6 grid points with an increase).  The same site that would experience at DNL 

(Management Zones Lnat) change of exposure increase in the individual airport analysis inside 

GCNRA would also experience an increase in the cumulative impact analysis.  

 

Relative to the individual airport analysis in Section B.4, a smaller number of points would 

experience a cumulative DNL (Management Zones Lnat) noise increase with the enroute analysis 

added.  When including the enroute traffic, more grid points would experience DNL (Management 

Zones Lnat) noise levels greater than the Management Zone Lnat, but less grid points would 

experience a change of +/- 5 DNL (Management Zones Lnat). 
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B.7.2 Maximum Sound Level (Lmax), using Management Zones Lnat for Ambient Noise 

Levels 

 

The aircraft data used for Lmax (Management Zones Lnat) consists of the same fleet mix for 

existing and future cumulative conditions; therefore the Cumulative Lmax (Management Zones 

Lnat) results are the same between 2010 and 2030.  There would be no change in Cumulative 

Lmax (Management Zones Lnat) conditions between 2010 and 2030, because the noisiest aircraft 

assumed for the Lmax (Management Zones Lnat) analysis (the Cessna Caravan for the individual 

airports and the huskited B-727 for the overflights), is continuing to operate in both timeframes, 

and these aircraft generate the Lmax (Management Zones Lnat) levels used in this study. 

 

B.7.3 Equivalent Noise Level [Leq(15-hour)], using Management Zones Lnat for Ambient 

Noise Levels 

 

Using a similar system of presenting results as was included in previous sections for the future 

conditions; Figures J.4 and J.5 present the No Action and With Project Leq(15-hour Management 

Zones Lnat) results for the cumulative analysis.  Color gradients are used in the graphics to 

distinguish among the various intensities of sound, using increments above existing ambient of: a) 

ambient to 29.9 dBA, b) 30.0 to 34.9 dBA, c) 35.0 to 39.9 dBA, d) 40.0 to 44.9 dBA, and e) 45.0 

dBA Leq(15-hour Management Zones Lnat) and above (note the ambient varies per grid based 

Management Zone Lnat described in Table B.3).  Figure J.6 shows the change in exposure when 

comparing the With Project to the No Action in 2030. 

 

Similar to the DNL grid analysis, Figure J.6 shows the cumulative enroute Leq(15-hour 

Management Zones Lnat) results for all changes in Leq(15-hour Management Zones Lnat) noise 

levels that would be either increases or decreases in noise of 5 dBA or greater.   Eight (8) points 

near closed Halls Crossing Airport would experience a cumulative daytime 5 dBA Leq(15-hour 

Management Zones Lnat) decrease. All of these points would be located in GCNRA. Thirteen (13) 

points near Cal Black Memorial Airport would experience a cumulative daytime 5 dBA Leq(15-

hour Management Zones Lnat) increase.  Twelve (12) of the grid points that would experience an 

increase in noise would be outside GCNRA . 

 

When compared to the individual airport results, the addition of the enroute traffic would result in 

more grid points experiencing Leq(15-hour Management Zones Lnat) noise levels greater than the 

Management Zone Lnat.  However, less grid points would experience a change of +/- 5 Leq(15-

hour Management Zones Lnat). 

 

 

B.7.4 Time Above Ambient (TAA), using Lnat for Management Zones Ambient Noise Levels 
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The TAA (Management Zones Lnat) was evaluated for the No Action in 2030, shown in Figure 

J.7, and the With Project, shown in Figure J.8.  The TAA (Management Zones Lnat) levels from 

enroute activity alone ranged from 137 to 206 minutes per day with an average of 169 minutes.  

From the local airport activity alone, the TAA levels ranged from 0 to 45 minutes per day, with an 

average of 6 minutes.  The TAA (Management Zones Lnat) was divided into time “bins” of: a) 

130.0 to 324.9 minutes, b) 150.0 to 174.9 minutes, c) 175.0 to 199.9 minutes and d) 200.0 minutes 

or more.  These bins are graphically shown in the above figures.  The change of exposure between 

the With Project and No Action was then computed.  Figure J.9 shows the locations that would 

experience a change in exposure of 5-minute or more on a daily basis in 2030.  Grid points that 

would experience an increase of 5 minutes or more are shown in pink.  Grid points that would 

experience a decrease of 5 minutes or more are shown in green. 

 

Figure J.9 shows that ninety-five (95) grid points near closed Halls Crossing Airport  would 

experience a cumulative TAA (Management Zones Lnat) decrease of 5 minutes or more, while 

sixty-seven (67) points near Cal Black Memorial Airport would experience a cumulative increase 

of 5 minutes or more in 2030.  Eight-four (84) of the 95 grid points that would experience a 

decrease in noise would be located in GCNRA. Seven (7) of the sixty-seven (67) points near Cal 

Black Memorial Airport that would experience a cumulative TAA (Management Zones Lnat) 

increase would be located in GCNRA.   

 

These cumulative results are similar to the results for the individual airports for the same analysis 

timeframe. 

 

B.7.5 Number of Events/day Above Ambient, using Management Zones Lnat for Ambient 

Noise Levels 

 

For year 2030, the number of events per day that would produce NAA (Management Zones Lnat) 

was evaluated for the No Action, shown in Figure J.10, and the With Project, shown in Figure 

J.11.  The NAA (Management Zones Lnat) levels from enroute activity alone ranged from 299 to 

412 events per day with an average of 360 events.  From the local airport activity alone, the NAA 

(Management Zones Lnat) levels ranged from 0 to 10 events per day, with an average of 2 events.  

The NAA (Management Zones Lnat) was divided into event “bins” of: a) 300.0 to 324.9 events, 

b) 325.0 to 349.9 events, c) 350.0 to 384.9 events, and d) 385.0 events or more per day.  These 

bins are graphically shown in the above referenced figures.  The change of exposure between the 

With Project and No Action was then computed.  Figure J.12 shows the change in exposure. 

 

Figure J.12 shows the locations that would experience 2 events or more with noise above the Lnat 

change on a daily basis in 2030.  Grid points that would experience an increase of 2 flight events 

or more are shown in pink.  Grid points that would experience a decrease of 2 flight events or more 

are shown in green. 
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Figure J.12 shows that seventy-eight (78) grid points near closed Halls Crossing Airport (73 

within GCNRA) would experience a cumulative NAA (Management Zones Lnat) decrease of 2 

events or more in 2030, while twenty-five (25) points near Cal Black Memorial Airport (all located 

outside of GCNRA) would experience a cumulative increase of 2 events or more.   

 

These cumulative results are identical to the results for the individual airports. 
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Figure J.6 Future Conditions (Management Zone Lnat) Cumulative Leq (15 hr.) Grid Change in Exposure Results for 
No Action and With Project
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Figure J.7 Future Conditions (Management Zone Lnat) Cumulative No Action TAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure J.8 Future Conditions (Management Zone Lnat) Cumulative With Project TAA Grid Results for
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Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure J.9 Future Conditions (Management Zone Lnat) Cumulative TAA Grid Change (in minutes) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Service Layer Credits: Source: Esri, DigitalGlobe,
GeoEye, i-cubed, USDA, USGS, AEX,
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Figure J.10 Future Conditions (Management Zone Lnat) Cumulative No Action NAA Grid Results for
Halls Crossing Airport (closed) and Bullfrog Basin Airport
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A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure J.11 Future Conditions (Management Zone Lnat) Cumulative With Project NAA Grid Results for
Cal Black Memorial Airport and Bullfrog Basin Airport.

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Figure J.12 Future Conditions (Management Zone Lnat) Cumulative NAA Grid Change in Exposure (in events) for
No Action and With Project

Note:  The Area of Investigation (AI) is 18 nautical miles centered upon old Halls Crossing Airport and new Cal Black Memorial Airport.  
A Cessna Citation CJ3 jet requires approximately 18 nautical miles to climb to 10,000 feet.
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Glen Canyon National Recreation Area and  
Rainbow Bridge National Monument Acoustic Inventory 2010 
 
Executive Summary 
 
 
Introduction 
National Park Service Management Policies (2006) reflect a strong direction to preserve the 
natural soundscapes of parks to the greatest extent possible.  Human-caused sounds, including 
watercraft, off-road vehicles, and aircraft overflights (air tours, general aircraft, military 
operations, and high altitude commercial jet aircraft) are present at Glen Canyon National 
Recreation Area (GLCA) and Rainbow Bridge National Monument (RABR).  The purpose of 
this study was to determine sound levels and sound sources in the primary land cover groups 
of GLCA and RABR in summer and winter, daytime and nighttime periods, sufficient to 
develop an acoustic baseline for frontcountry and backcountry areas.  This required acoustic 
characterization of at least three remote backcountry areas and three developed areas, one of 
which was Rainbow Bridge.  
 
Study Area 
GLCA and RABR are located southern Utah and northern Arizona.  GLCA is over 1.25 
million acres, while RABR is 160 acres.  RABR is located entirely within GLCA.  Primary 
land-cover types and percent of each at GLCA and RABR are shown below. 
 

Cliffs (Cliffs, Outcrops, Canyons) 43.22% 

Desert Shrubland (Shrubland, Grassland, Sagebrush) 40.34% 

Water 12.32% 

Woodland (Pinyon, Juniper, Mixed Woodland) 3.10% 

Riparian 0.92% 

Developed (Low and High Density) 0.10% 
 
Definitions 
Audibility is the ability of animals with normal hearing, including humans, to hear a given 
sound.   
Existing Ambient Sound Level (L50) is the median sound level of all sounds in a given area, 
including all natural sounds as well as all mechanical, electrical and other human-caused 
sounds.   
Natural Ambient Sound Level (Lnat) is the sound level of all natural sounds in a given area, 
excluding all mechanical, electrical and other human-caused sounds.   
Leq (Equivalent Sound Level) is the logarithmic average (i.e., on an energy basis) of sound 
pressure levels over a specific time period.   
Noise Free Interval (NFI) is the length of continuous period of time during which only natural 
sounds are audible or there is silence. 
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Results 
A total of 9,387 hours of acoustic data were collected for this study, 4,282 in summer and 
5,105 in winter.  At the seven measurement locations used in this study, an average of 36 days 
of data were collected in summer and 30 days in winter.  In addition, data from two other 
GLCA-related acoustic studies were used in this report, an off-road vehicle study in 2007 
(Ambrose and Florian 2007) and a Cal Black Airport study in 2010 (Paul Dunholter, pers. 
comm.).  In total, 13,971 hours of acoustic data from 11 locations were analyzed.   
 
Natural ambient sound levels (Lnat) in the four primary land cover types, summer and winter, 
and sound levels (Lnat and L50) for summer and winter seasons and day and night periods for 
eleven measurement location in GLCA and RABR are shown below.   
 
Natural ambient sound levels (Lnat) in the four primary land cover types in GLCA and RABR. 
 

Land Cover Types Summer 
Day dBA 

Winter 
Day dBA 

Desert Shrubland; Grassland 18.7 15.3 

Cliffs, Canyons; Pinyon-Juniper 20.2 17.0 

Lake 34.2 14.8 
Riparian 25.1 18.6 

 
Natural ambient sound levels (Lnat) in GLCA and RABR, 2010. 
 

    Summer Winter 
Site Num. Site Name Day Night Day Night 

GLCA006* Lone Rock Bay East 41.4 31.4 19.8 19.6 
GLCA007* Wahweap Marina 35.9 31.9 28.2 24.6 
GLCA008 Rainbow Bridge 18.7 24.9 20.9 21.1 

GLCA009* Iceberg Canyon 25.0 22.1 14.8 14.1 
GLCA010 Warm Creek Road 18.4 18.6 15.8 14.5 
GLCA011 Sewing Machine Rd. 20.8 23.7 15.0 14.2 
GLCA012 Hans Flat 23.0 16.0 17.0 14.0 
GLCA016 Lake Canyon 20.7 40.3 NA NA 
GLCA017 Moki Canyon 19.4 18.6 NA NA 
GLCA018 Forgotten Canyon 19.2 23.5 NA NA 
GLCA019 Hansen Creek 21.2 18.6 NA NA 

* In situations where human-caused sounds are audible >90% of the time, Lnat computations are less reliable. 
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Existing ambient sound levels (L50) in GLCA and RABR, 2010. 
 

    Summer Winter 
Site Num. Site Name Day Night Day Night 
GLCA006 Lone Rock Bay East 51.4 40.2 26.5 24.0 
GLCA007 Wahweap Marina 46.5 37.9 39.6 31.5 
GLCA008 Rainbow Bridge 22.8 26.9 21.3 21.3 
GLCA009 Iceberg Canyon 35.3 26.8 19.5 14.7 
GLCA010 Warm Creek Road 22.4 20.5 19.7 15.2 
GLCA011 Sewing Machine Rd. 22.2 24.7 15.5 14.2 
GLCA012 Hans Flat 24.9 16.3 19.0 14.5 
GLCA016 Lake Canyon 23.5 41.3 NA NA 
GLCA017 Moki Canyon 21.9 19.7 NA NA 
GLCA018 Forgotten Canyon 20.7 24.1 NA NA 
GLCA019 Hansen Creek 24.1 20.4 NA NA 

 
Sound levels in the backcountry areas and some lake areas were very low, often as low as the 
acoustic systems could measure (about 14 dBA).  Sound levels in the high use areas were 
much higher and reflect almost continuous human-caused sounds in those areas.  GLCA is a 
recreation area and the majority of visitor activity occurs on Lake Powell in the summer 
months.  The most common sound sources on the lake during summer are watercraft.  Visitors 
in the lake area of GLCA use all types of watercraft, from kayaks to houseboats to speed 
boats.  Some of these boats are extremely loud.  In these high use areas in summer, existing 
sound levels averaged about 20-30 times higher than in low use areas (45-50 dBA versus 20 
dBA).  The percent time that human-caused sounds were audible was about 4 times higher in 
high use areas as compared to low use areas.  However, GLCA is a large area, over 1.25 
million acres, and these high use areas, primarily the lake and marinas, make up only about 
12% of the entire recreation area.  Even assuming a large “sound shadow” from the watercraft 
used by lake visitors, the majority of GLCA is not impacted by lake visitors and watercraft 
sounds.  As a result, sound levels in backcountry areas are often very low. 
 
Sound Sources and Percent Time Audible  
In Developed, High Density areas (such as Wahweap Marina), human-caused sounds were 
audible nearly 100% of the time in both summer and winter seasons, day and night periods.  
In high-use lake areas (such as Iceberg Canyon), human-caused sounds were audible over 
90% of the time during summer daytime hours, while during summer nighttime and winter 
periods, human-caused sounds were less audible.  Aircraft sounds were common throughout 
GLCA and RABR, most commonly high altitude commercial jet aircraft (except at Rainbow 
Bridge where air tour aircraft were common in summer).  In developed areas and high visitor 
use areas, aircraft sounds were often masked by watercraft sounds, vehicle sounds, and other 
ground based human-caused sounds.  Common sound sources and percent time audible in 
developed/high use areas and backcountry/low use areas, summer and winter seasons are 
shown below. 
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Common sound sources and percent time audible at GLCA and RABR, 2010. 
 

 Developed/High Use 
Percent Time Audible 

Backcountry/Low Use 
Percent Time Audible 

Sound Source Summer 
Mean 

Winter 
Mean 

Summer 
Mean 

Winter 
Mean 

Jet Aircraft 11.6 18.1 19.1 27.9 
Propeller Aircraft 2.5 3.3 2.4 2.6 
Helicopter Aircraft 0.0 0.2 0.0 0.0 
Vehicles 26.5 41.4 1.8 0.8 
Watercraft 35.3 7.7 3.9 0.0 
Motors 11.8 21.0 6.0 4.0 
Grounds Care 0.0 0.8 0.0 0.0 
People 20.1 8.0 1.7 0.1 
Domestic Animals 1.3 0.7 0.0 0.0 
Building Sounds 7.6 15.7 0.0 0.0 
Construction Sounds 0.0 0.4 0.0 0.0 
Unknown Human Sounds 0.0 0.0 0.1 0.1 
Wind 15.5 15.6 40.5 29.4 
Water  25.7 33.5 8.9 33.6 
Mammal  0.4 0.4 1.3 0.0 
Birds  12.2 22.5 27.8 5.4 
Amphibians  1.0 0.0 0.0 0.0 
Insects  27.7 0.8 66.4 0.4 
Animal Sounds 0.7 0.0 1.4 0.4 
Other Natural Sounds 0.0 0.0 0.1 0.0 

 
Noise Free Interval 
Twenty-one hours of continuous audio data were analyzed to determine noise free interval 
(NFI) metrics, including percent time non-natural sounds were audible, percent time natural 
sounds were audible, maximum noise free interval, and mean noise free interval.  Fourteen 
hours were logged in the field and seven hours were logged in the office (nine hours in 
summer and twelve hours in winter). 
 
Noise free interval periods were essentially non-existent in the highly developed areas, such 
as Wahweap Marina.  In low density developed areas, such as Rainbow Bridge, human-
caused sounds were present but much less so than highly developed areas.  Noise free interval 
metrics for day and night periods in backcountry areas in GLCA and RABR are shown below 
 

Period 
of Day 

Non-Natural 
Sounds 

Natural 
Sounds Only 

Mean Max. 
NFI (min.) 

Mean NFI 
(minutes) 

Day 29.1% 71.0% 16.8 7.3 

Night 22.0% 78.0% 19.2 7.4 
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In developed and high use areas of GLCA and RABR, such as the marinas and some lake 
areas (in summer), there were few and short periods of natural sound only.  However, in low 
use backcountry areas and lake areas in winter, mean noise-free periods were longer than in 
nearby parks.  In Grand Canyon National Park, the mean NFI for four backcountry sites was 
3.2 minutes (Ambrose 2005).  At GLCA and RABR backcountry sites and lake in winter, the 
mean daytime NFI was 7.3 minutes and the mean nighttime NFI was 7.4 minutes.  The 
primary sound source that shortened these NFI periods was high altitude commercial jets. 
 
Air Tours at GLCA and RABR 
Rainbow Bridge is the most common destination for air tours at GLCA and RABR.  Air tours 
at RABR are somewhat different than air tours at most other parks for two reasons.  First, 
most of the air tour aircraft are propeller aircraft (few helicopters), and in order for all 
passengers (those of left side of aircraft and those on right side of aircraft) to see Rainbow 
Bridge, most air tours make two passes over the bridge.  Second, the terrain around Rainbow 
Bridge is a steep canyon, and the sounds of air tours (and any other aircraft) are amplified due 
to sounds reflecting off the multiple canyon walls.  This combination of multiple passes by 
each air tour in combination with the terrain of the area resulted in increased sound levels for 
each air tour at RABR.   
 
Aircraft sounds can have a significant impact on sound levels in a park or monument.  An 
example of this impact is the 1200-1300 hour on January 26, 2010, at RABR (Figure 8).  In 
this hour, a propeller aircraft was audible for about 9:30 minutes (16% of the hour).  The 
average sound level (energy-averaged, or Leq) of the propeller aircraft was 54.4 dBA; the 
average natural ambient sound level was 20.5 dBA.  The difference between the Leq of the 
propeller aircraft and Leq of natural sounds was 34 dBA.  This increase of 34 dBA means the 
sound from this propeller aircraft was 50 times louder than natural sounds.  In this example, 
there were four passes over Rainbow Bridge by propeller aircraft.  These four passes could 
represent two air tour flights, each flight passing over Rainbow Bridge twice (in order to 
provide each side of the aircraft a view of the bridge).  The altitude of these propeller aircraft 
overflights was not known.   
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Introduction 
The National Park Service (NPS) is concerned with degradation of natural soundscapes in 
many of the units of the National Park system.  NPS Management Policies (4:9; 2006) states: 
“The Service will restore to the natural condition wherever possible those park soundscapes 
that have become degraded by unnatural sounds (noise), and will protect natural soundscapes 
from unacceptable impacts”.  Activities causing excessive or unnecessary unnatural sounds in 
and adjacent to parks, including low-altitude aircraft overflights, will be monitored and action 
will be taken to prevent or minimize unnatural sounds that adversely affect park resources or 
values or visitors’ enjoyment of them” (NPS 1995).  In order to restore and maintain natural 
quiet and natural sounds in parks, the level and influence of unnatural sounds on natural quiet 
must be determined.  Once sources of unnatural sound are identified, those sources, such as 
low flying aircraft, can be managed according to specific park management plans.  Public 
Law 100-91, Aircraft Overflights Act (1987), provides guidance on how to achieve natural 
quiet in some parks: “Flight-free zones are to be large areas where visitors can experience the 
park essentially free from aircraft sound intrusions, and where the sound from aircraft 
traveling adjacent to the flight-free zone is not detectable from most locations within the 
zone.”   
 
National Park Service Management Policies reflect a strong direction to protect the natural 
soundscape of parks.  Director's Order #47, Soundscape Preservation and Noise Management, 
was signed on December 1, 2000, and mandates strong consideration of soundscape and noise 
issues in park planning and management.  NPS Reference Manual #47 (draft) will implement 
Director's Order #47, spelling out the basic requirements for collecting acoustic data for 
accomplishing the policy mandates concerning soundscapes and noise. Also relevant is the 
2005 draft recommendations for sound studies in national parks (NPS 2005) and the 2008 
acoustical sampling and analysis guide (NPS 2008). 
 
Human-caused sounds, including watercraft, off-road vehicles, and aircraft overflights (air 
tours, general aircraft, military operations, and high altitude commercial jet aircraft) are 
important management concerns at Glen Canyon National Recreation Area (GLCA) and 
Rainbow Bridge National Monument (RABR).  The NPS Organic Act, which is the 
fundamental law guiding national park management, mandates that park resources be 
protected and maintained in an unimpaired condition, while allowing for their use and 
enjoyment.   
 
Objectives 
The objective of this study was to collect and analyze acoustic data in the primary land cover 
types of GLCA and RABR, sufficient to develop an acoustic baseline for frontcountry and 
backcountry areas.  This required acoustic characterization of at least three remote 
backcountry areas, and at least three developed areas, one of which was Rainbow Bridge.  
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Study Area 
GLCA and RABR are located in southern Utah and northern Arizona.  RABR is entirely 
within GLCA and is administered by GLCA.  GLCA is over 1.25 million acres, while RABR 
is 160 acres.  GLCA was established in 1972 following construction of Glen Canyon Dam 
and resulting Lake Powell.  RABR was established in 1910. 
 
At GLCA and RABR, four primary land-cover groups occur.  They are: 

• Desert Shrub; Shrubland; Grassland 
• Cliff; Canyon; Tableland 
• Lake 
• Pinyon-Juniper; Pine; Woodland 
 

These four land cover groups cover approximately 99% of GLCA and RABR.  Similar land 
cover types in GLCA and RABR were grouped for acoustic measurement and analysis (Table 
1).  Land cover types and percentages of each in GLCA and RABR are from Southwest 
Regional Gap Analysis Project (Ramsey 2006) (Table 2).  
  
Table 1.  Land cover types in GLCA and RABR and percent of each. 
 
Cliffs (Cliffs, Outcrops, Canyons) 43.22% 

Desert Shrubland (Shrubland, Grassland, Sagebrush) 40.34% 

Water 12.32% 

Woodland (Pinyon, Juniper, Mixed Woodland) 3.10% 

Riparian 0.92% 

Developed (Low and High Density) 0.10% 
 
A primary purpose of this study was to develop an ambient map of acoustic conditions in the 
primary land cover types at GLCA and RABR.  Land cover types, measurement locations, 
and natural ambient sound levels are shown in Figures 1 and 2.  Natural ambient sound levels 
cannot be reliably calculated in areas where human-caused sounds exceed 75% time audible 
(generally developed and high use areas).  In these cases, L90 levels were used. 
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Table 2.  Land cover types and percent of each in GLCA and RABR. 
 
Land Cover Hectares Acres Percent 
        
Cliffs (Cliffs, Outcrops, Canyons)       
Rocky Mountain Cliff and Canyon 169.4 418.5 0.03% 
Colorado Plateau Mixed Bedrock Canyon and Tableland 219517.7 542440.0 43.19% 
        
Desert Shrubland (Shrubland, Grassland, Scrub, Sagebrush)       
Colorado Plateau Blackbrush-Mormon-tea Shrubland 116245.5 287249.0 22.87% 
Colorado Plateau Pinyon-Juniper Shrubland 28891.1 71391.4 5.68% 
Inter-Mountain Basins Mixed Salt Desert Scrub 15524.3 38361.3 3.05% 
Inter-Mountain Basins Mat Saltbush Shrubland 7960.1 19669.7 1.57% 
Inter-Mountain Basins Semi-Desert Shrub Steppe 5422.1 13398.2 1.07% 
Inter-Mountain Basins Big Sagebrush Shrubland 5077.7 12547.3 1.00% 
Inter-Mountain Basins Semi-Desert Grassland 1806.4 4463.7 0.36% 
Southern Colorado Plateau Sand Shrubland 1592.6 3935.5 0.31% 
Invasive Annual Grassland 829.4 2049.6 0.16% 
Invasive Annual and Biennial Forbland 501.4 1239.0 0.10% 
Inter-Mountain Basins Montane Sagebrush Steppe 4.1 10.2 0.00% 
North American Warm Desert Riparian Woodland and Shrubland 396.3 979.2 0.08% 
Rocky Mountain Gambel Oak-Mixed Montane Shrubland 77.3 191.0 0.02% 
North American Warm Desert Wash 16.8 41.6 0.00% 
Inter-Mountain Basins Shale Badland 1169.8 2890.7 0.23% 
Inter-Mountain Basins Active and Stabilized Dune 15288.5 37778.7 3.01% 
        
Woodland (Pinyon, Juniper, Mixed Woodland)       
Colorado Plateau Pinyon-Juniper Woodland 15453.3 38185.9 3.04% 
Rocky Mountain Montane Mesic Mixed Conifer Forest and Woodland 4.6 11.3 0.00% 
Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland 1.9 4.7 0.00% 
Rocky Mountain Ponderosa Pine Woodland 298.4 737.2 0.06% 
        
Water       
Open Water 62611.6 154716.6 12.32% 
        
Riparian       
Rocky Mountain Lower Montane Riparian Woodland and Shrubland 825.6 2040.0 0.16% 
Invasive Southwest Riparian Woodland and Shrubland 3833.2 9472.0 0.75% 
        
Developed       
Developed, Medium - High Intensity 78.6 194.2 0.02% 
Disturbed, Oil well 0.5 1.3 0.00% 
Developed, Open Space - Low Intensity 424.9 1049.9 0.08% 
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Figure 1.  Land cover types and natural ambient sound levels, GLCA and RABR, northern 
section.  
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Figure 2.  Land cover types and natural ambient sound levels, GLCA and RABR, southern section.   
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Methods 
This study measured sound levels and sources at seven locations, three frontcountry sites and 
four backcountry sites.  These seven locations included developed and backcountry sites, as 
well as high visitor use and low visitor use areas.  We were also able to use data collected as 
part of two other acoustic studies related to GLCA, an ORV study at the Lone Rock Bay area 
(two sites) and an airport study related to the Cal Black Airport (four sites, summer only).  In 
the ORV study, data were collected at two frontcountry sites in summer 2007; to complete 
this data set, we collected data at these two locations in winter in 2010.  In the airport study, 
data were collected at four backcountry/lake locations, but only in summer.  GLCA funded 
the ORV study (Ambrose and Florian 2007), and the FAA funded the Cal Black Airport study 
(Paul Dunholter, pers. comm.).  Including the seven measurement locations in this and the 
ORV study and four from the Cal Black Airport study, we had 11 measurement locations.  
Results of measurements at all locations are included in this report. 
 
Definitions 
Definitions of common acoustic terms and metrics are provided in Appendix I.  Terms 
commonly used in this report are defined below. 
 

A-Weighting (dBA)   
A-weighting is used to account for differences in human hearing sensitivity as a 
function of frequency.  A-weighting de-emphasizes the high (6.3 kHz and above) and 
low (below 1 kHz) frequencies, and emphasizes the frequencies between 1 kHz and 
6.3 kHz, in an effort to simulate the relative response of human hearing.  
 
Acoustic Zone 
Areas of like vegetation, topography, elevation, and climate are considered “acoustic 
zones,” with the assumption that similar animals, plants, physical processes, and other 
sources of natural sounds occur in similar areas with similar attributes. 
 
Audibility   
Audibility is the ability of animals with normal hearing, including humans, to hear a 
given sound.  Audibility is affected by the hearing ability of the animal, other 
simultaneous interfering sounds or stimuli, and by the frequency content and 
amplitude of the sound.   
 
Decibel (dB) 
A logarithmic measure commonly used in the measurement of sound.  The decibel 
provides the possibility of representing a large span of signal levels in a simple 
manner as opposed to using the basic pressure unit Pascal.  The difference between the 
sound pressure for silence versus a loud sound is a factor of 1,000,000:1 or more, 
therefore it is less cumbersome to use a small range of equivalent values: 0 to 130 
decibels. 
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Existing Ambient Sound Level (L50) 
The sound level of all sounds in a given area, including all natural sounds as well as 
all mechanical, electrical and other human-caused sounds.  The existing ambient 
sound level will be characterized by the L50 exceedence level (i.e., the median). 
 
Natural Ambient Sound Level (Lnat)  
The sound level of all natural sounds in a given area, excluding all mechanical, 
electrical and other human-caused sounds.  “Natural ambient” is considered 
synonymous with the term “natural quiet,” although natural ambient is more 
appropriate because nature is often not quiet.  The Lnat will be characterized by the 
exceedence value calculated by removing the percent time human-caused sounds are 
audible. 
 
Leq (Equivalent Sound Level) 
The logarithmic average (i.e., on an energy basis) of sound pressure levels over a 
specific time period.  “Energy averaged” sound levels are logarithmic values, and as 
such are generally much higher than arithmetic averages.  Leq values are typically 
calculated for a specific time period (1-hour and 12-hour time periods are often used).  
Leq values are computed from all of the 1-second Leq values for the specific time 
period.  Leq must be used carefully in quantifying natural ambient sound levels 
because occasional loud sound levels may heavily influence (increase) the Leq value, 
even though sound levels for that period of time are typically lower. 
 
LAeq 
The A-weighted equivalent sound level (i.e., logarithmically energy-averaged sound 
level);  
 
Lx (Exceedence Percentile) 
This metric is the sound pressure level (L), in decibels, exceeded x percent of the time 
for the specified measurement period.  L50 is the sound pressure level exceeded 50 
percent of the time (L50 is the same as the median).  L90 is the sound pressure level 
exceeded 90 percent of the time.   
 
Noise Free Interval (NFI) 
The length of the continuous period of time during which only natural sounds are 
audible or there is silence. 

Measurement Protocols 
Acoustic equipment and measurement procedures followed protocols outlined in “Acoustical 
Sampling & Analysis Guide 2008-12-02 v1.0” (NPS 2008).  The basic approach of the study 
was to place acoustic monitors in the primary land cover types of GLCA and RABR in both 
high-use and low-use areas of the park units.  Data collection in backcountry areas was >25 
days to insure that the primary land cover types were sampled for a sufficient period of time 
to provide acoustic data on natural ambient sound levels within a margin of error of ± 3 dB 
(NPS 2008).  Measurements made in 2007 in highly developed areas (e.g., marinas) were 
deployed for a minimum of 10 days per season (fewer days are needed in high use developed 
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areas due to low variability in human-caused sounds, which dominate such areas).  All 
monitors were checked regularly to ensure system operation, calibration, and data download. 

Acoustic Monitors 
Acoustic monitors consisted of a Larson-Davis 831 Sound Level Meter (SLM), Larson-Davis 
PRM831 preamplifier, PCB 377B20 microphone, Larson-Davis ESP106-2 Environmental 
Shroud (windscreen and bird spike), and an Edirol R09HR digital recorder.  The recorder 
used the microphone output from the Larson-Davis 831 SLM.  A 12-volt battery system was 
used to power the system, and the equipment was stored in a weather-proof container.  All 
SLMs and components met ANSI Type 1 standards (IEC 804:1985, Integrating-Averaging 
Sound Level Meters), and were professionally calibrated annually within 12 months of 
deployment.  A B&K 4231 acoustic calibrator that complied with Class 1 accuracy 
requirements of ANSI S1.40-1984, American National Standard Specification for Acoustical 
Calibrators (9184), or IEC 942:1988, Sound Calibrators (1988), was used to check calibration 
in the field.  All system components were time-synchronized with GPS time at deployment, 
and any time off-sets observed during subsequent visits were recorded.   Monitors were 
capable of operating for extended periods of time (>30 days) through the use of large data 
storage capability and solar charging systems.   
 
A second, similar system was used only at the GLCA007 Wahweap Marina location.  This 
system consisted of Sound Technology Spectra 132 sound level software 
(SoundTechnology.com), Sound Technology ST191-DSA external sound card, GRAS 26CA 
preamplifier, GRAS 40AQ microphone, and a Larson-Davis 106.2 windscreen with bird 
spike.   An IBM-compatible notebook computer was used to run the Spectra 132 software and 
to store SPL data and digital recordings.  A 12-volt battery supply was used to power the 
system, a solar array to charge the batteries, and a weather-proof container housed the 
equipment. 
 
All monitors collected continuous 1-second decibel data (dBA and Leq for 1/3 octave bands, 
12.5-20,000 Hz), and continuous digital audio recordings (MP3, 128 kpbs on the R09 and 
.wav on the notebook computer).  Acoustic monitor information and settings for the LD831 
sound level meter and Edirol R09HR digital recorder are shown in Appendix II and III. 

Meteorological Data 
Meteorological data (wind speed, wind direction, temperature, and humidity) can improve the 
utility of acoustic data.  Previous studies in National Parks have established a strong 
correlation between land cover, wind speed, and ambient sound pressure levels (Lee et al. 
2005).  Sound pressure levels also attenuate differently in cold or hot temperatures.  In 
general, ambient sound levels tend to increase with increasing wind speeds.  Depending 
primarily upon the vegetative characteristics of the measurement site, a substantial change in 
sound level can occur as wind speeds increase.  For example, ambient sound level data 
measured at a site containing dense foliage will be influenced by wind, primarily due to the 
wind interacting with leaves.  Meteorological data were not collected at all sites during this 
study due to the high number of visitors and resulting security concerns (large wind gauges 
with moving parts increase visibility and the possibility of equipment being disturbed or 
stolen).  However, wind sounds and frequency of occurrence were assessed during office 
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logging efforts.  Individuals listening to recordings noted two types of wind sounds, natural 
and non-natural.  The first two types of wind sounds listed above are considered natural; the 
third type of wind sound is considered non-natural. 
 
Observer Logging, Field and Office 
Decibel data alone do not allow identification of sources of sounds.  When conducting 
acoustic studies in national parks, it is essential that the source of common sounds, both 
natural and non-natural, be identified.  Further, it is important to determine the percent of time 
that such sounds are audible.  This is accomplished by observers logging sound sources, both 
in the field and in the office (via digital recordings) and identifying sound sources. Listening 
and logging, either in the field or in the office, is labor intensive, thus logging is only 
conducted for a sub-sample of the measurement period.  Field logging (continuous 1-hour 
periods) was conducted at least twice per season for all primary measurement sites.  Office 
logging was conducted for twelve days per season at each of the primary measurement 
locations, using a sample scheme of a 10 second recording every 4 minutes. 
 
Listening and logging sound sources from recordings in an office environment is not the same 
as listening and logging sound sources in the field.  In general, one hears better in the field.  In 
the field, the listener hears in stereo, two ears hearing in opposite directions.  This has the 
potential to provide some separation in two different sounds that might be overlapping in 
frequency (and thus might be missed by hearing in mono).  The field listener is able to turn 
his/her head toward the direction of the sound, and this also provides improved hearing 
ability.  The listener in the field can often see the sound source to verify identification.  
Additionally, listening in the field is in a “free-field” environment, whereas in an office the 
listener uses headphones, a closed environment.   
 
While several factors of listening and logging in the field are beneficial, listening to 
recordings in the office also offers some advantages.  First, with good recordings, playback 
equipment, and software, the office listener can increase the playback volume and, in some 
situations, hear sounds better than the field listener.  Second, the office listener is able to 
“pause” the playback and take frequent breaks.  The office listener can also use the “pause” 
feature during playback to catch up on logging entries when multiple sounds are occurring at 
one time, something the field logger cannot do.  Finally, the office listener is able to re-play 
any recordings for which a question might exist, as well as ask other individuals for assistance 
with source identification.  
 
In order to ensure that office listening and logging closely approximates what is heard and 
logged in the field, adjustments are made to the playback in the office.  An hour of field 
logging is compared with office logging for the same hour.  The logs are compared against 
each other to make sure that the percent time sounds were audible to the office listener is 
similar to the percent time that the field observer logged.  In most situations, adding 15 dBA 
during office playback will very closely approximate results of logging in the field.   
 
All field and office listeners/loggers had audiology tests to insure their hearing was within 
normal ranges.  Playback software used was Adobe Audition 1.0.   Office listeners used a 
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desktop computer with an external sound card (Sound Devices USBPre) and Beyerdynamic 
DT770 headphones.   
 
At each of the seven measurement sites, observers listened and logged each sound heard using 
a PDA and software developed by the Natural Sounds Program (D. Schirokauer, pers. 
comm.).  Observers conducted logging near the acoustic monitors (within 25 m), but not so 
near to influence decibel data and recordings being collected in conjunction with the logging 
effort.  
 
In addition to field logging, several hours of digital recordings were listened to and sources 
logged in the office.  In office logging, recordings were samples of the entire day, using a 
sample scheme of recording 10 seconds every 4 minutes.  This resulted in a 1 hour recording 
for each full day.   At the five backcountry measurement sites, twelve days per season were 
logged.  At the two high-density developed sites, two days per season were logged.  At these 
two sites, human-caused sounds were audible 100% of the time; hence a smaller sample was 
adequate. 
 
Office Logging:  Assessment of Sample Scheme and Number of Days 
When NPS initiated sound source logging using digital recordings, a decision was made to 
sample at least 7-8 days of a 25 day measurement period.  This number of days was selected 
simply to insure that all week days and weekend days could be sampled.  There was no testing 
of field data as with the analysis conducted on several year-long dB data sets from which was 
determined that a 25 day measurement period was needed for each season (summer and 
winter) to achieve a degree of accuracy of ±3 dB.  When FAA/Volpe started field 
measurements in national parks, a minimum of two 8-hour logging sessions was included 
with each field measurement.  As with the NPS effort, no testing of minimum requirement for 
logging (field or office) was conducted.  Both approaches yielded 16 hours of source 
identification effort.  The NPS approach, using 8 days with a 2/10 sample scheme, provides a 
2-hour recording for each day sample, thus 8 days equals 16 hours of source identification.  
Both agencies have been using 16 hours of source logging for each 25 day measurement 
period (or about 2.5% of the measurement period). 
 
In order to provide a rough estimate of how accurate 8 days of office logging might be 
(relative to the entire measurement period), we compared office logging at a site in Glen 
Canyon National Recreation Area, GLCA009, Iceberg Canyon, in the winter season 2010.  
We did not listen to all of the recordings; this would have required over 600 hours of office 
logging.  Instead, we listened to samples of two hours from this site, using a 2/10 sample 
scheme.  We based the calculations on 23 days of recordings; we logged sound sources for the 
1000 hour and 1500 hour only.  We used 23 days rather than 25 days due to limitations of 
currently available memory cards (32GB cards, recording at MP3, 128 kbps, provide 23 days 
of recordings).  Two different hours were used because there are consistent daily patterns in 
audibility of human-caused sounds, and the 1000 and 1500 hours represented morning and 
afternoon activity.  More hours and more days tested would provide a better confidence test, 
but that would have required more time.  We assessed variability with a model set at 90% 
probability that the 95% confidence interval would be no wider than x. 
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Using a sample scheme of 2/10 for 8 days, office logging results for the 1000 and 1500 hours 
were within ±16% of the results of the entire 23 day measurement period.  Using a shorter 
sample scheme and more days (4/10 for 12 days), office results were within ±14% of the 
results of the entire 23 day measurement period.  Thus, office logging for 12 days with a 4/10 
sample scheme provided more accurate results with less logging effort (12 hours of office 
logging rather than 16 hours of office logging.  Therefore, for this study, we used an office 
logging sample scheme of 4/10 for 12 days. 

Noise Free Interval 
The Noise Free Interval (NFI) metric, which is the continuous length of time during which 
only natural sounds (or no sounds) are audible was calculated from field observer logging.  
The NFI metric cannot be calculated from sample recordings, so continuous recordings or 
continuous field loggings were utilized.  The NFI metric is informative when used with the 
“Percent Time Audible metric.”  NFI data were available for all field logging efforts as well 
as all office logging that used continuous recordings.  

Measurement period 
Acoustic data collection for this study began in January 2010 and ended in December 2010.  
In 2007, data were collected in August and September at GLCA006 (Lone Rock Bay East) 
and Wahweap Marina (GLCA007) as part of an off road vehicle noise study and are included 
in this report. 

Seasonality 
Sound levels can be extremely variable, and measurement periods limited to just a few days 
can lead to erroneous results.  The goal of acoustic measurements in National Parks is to 
ensure that results from the sample measurement period are not more than 3 dB different than 
results of the entire season (NPS 2005).  Based on review of several year-long data sets in 
other parks (see NPS 2005 for detailed discussion) it was determined that acoustic conditions 
vary by summer and winter, but not necessarily spring and fall.  Within summer and winter, a 
25 day minimum measurement period for backcountry locations assures capturing the true 
ambient level within 3 dB.   For this study, summer was defined as April-October, and winter 
was defined as November-March.   
 
Daytime and Nighttime Hours 
Study and management of soundscapes in national parks consider two distinct periods of the 
day, daytime and nighttime.  Daytime is defined as 1-hour after sunrise to 1-hour before 
sunset.  Nighttime is defined as 1-hour before sunset to 1-hour after sunrise.  Nighttime 
periods, as well as those periods around sunrise and sunset, tend to be more acoustically 
sensitive and important for many animals and visitors, thus the two periods are managed 
differently.   
 
Daytime and nighttime hours for GLCA and RABR were based on summer and winter sunrise 
and sunset times at Hall’s Crossing, UT, which is approximately in the middle of the GLCA 
area.  Sunrise and sunset times at Hall’s Crossing, UT, with daylight savings time in summer, 
were as follows: 
 



 22

Dec. 21 Sunrise:  0734  Sunset:   1708 
March 21 Sunrise:  0725  Sunset:   1935 
June 21  Sunrise:  0601  Sunset:   2048 
Sept. 21 Sunrise:  0710  Sunset:   1922 
 

We used the nearest top of the hour for defining daytime and nighttime hours. For this 
analysis, daytime and nighttime hours are as follows: 
 

Summer Daytime: 0800-1800 (8 am to 6 pm) 
Summer Nighttime: 1800-0800 (6 pm to 8 am) 
Winter Daytime: 0800-1600 (8 am to 4 pm) 
Winter Nighttime: 1600-0800 (4 pm to 8 am) 

Acoustic Data 
Acoustic data collected and resulting metric computations for this study are shown in Table 3. 
 
Table 3.  Acoustic data and associated metric collected and computed. 
 
 
 
 
 
 
 
 
 
 
 
 

Acoustic Data Analysis 
Computing sound pressure levels for acoustic conditions in National Park units has only 
recently been described in the literature.  Calculations of acoustic metrics for this analysis are 
described below and in “Acoustics and Soundscape Studies in National Parks” (NPS 2005). 
 
Calculating hourly existing ambient sound levels is straightforward:  for this analysis, it is the 
median (L50) of all the data (natural and non-natural) for a given period.   
 
Calculating hourly natural ambient sound levels is not straightforward.  All National Park 
units have both natural and human-caused sounds; hence calculation of natural ambient sound 
levels (sound levels without the influence of human-caused sounds) is difficult.  The most 
appropriate calculation of natural ambient sound levels is the median of data without the 
influence of any human-caused sounds.  It is not currently economically feasible to physically 
remove all acoustic data with human-caused sounds from long-term data sets in order to make 
such a calculation.  Therefore, calculation of natural ambient sound levels was made using the 

Data Collected: Metric Computed: 
 
Sound Pressure Level Data 
(1-second Leq for 1/3 octave 
bands, 20-20,000 Hz; dBA) 

• Leq, L10, L50, L90, Lnat, Lmin, and Lmax for each 
hour, day, month, season, and entire 
measurement period 

 

 
Observer Logging,  
Field and Office  

• Time Audible 
• Identification of sources of sound 
• Distribution of sources of sounds 
• Noise-free interval 
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percent exceedence concept.  Lx refers to the sound level (L), in decibels, exceeded x percent 
of the time.   
 
Historically, either the L50 or the L90 has been used when assessing potential impacts of 
aircraft sounds on parks (Dunholter et al. 1989).  If the dataset contains only natural sounds, 
L50 is the appropriate metric to characterize the natural sound levels.  However, even in 
remote areas of national parks, non-natural, mechanical, electrical, and other human-caused 
sounds are audible; hence the L50 may over-estimate natural ambient sound levels.  The L90 
value represents the sound level exceeded 90 percent of the measurement period.  In most 
remote areas of national parks, distant from frontcountry and developed areas, human-caused 
sounds are audible, but generally less than 50 percent of the time (although in some areas high 
altitude aircraft may be audible more than 50 percent of the time for some hours).  In such 
situations, the L90 may under-estimate natural ambient sound levels.  Therefore, calculating 
the appropriate Lx from a sub-sample of the data set (based on audibility of human-caused 
sounds at each measurement site), and applying that Lx to the entire data set, provides a more 
accurate estimate of natural ambient sound levels than either the L50 or L90. 
  
For this analysis, natural ambient sound levels were computed using the percent exceedence 
method.  This method involves sub-sampling the measurement period to determine the 
percent time human-caused sounds are audible (via field and office logging).  Since these 
human-caused sounds are audible over natural sounds, these sounds are generally (but not 
always) the loudest sounds.  In order to approximate a data set without human-caused sounds, 
the decibel data were ranked from quietest to loudest, and the loudest percentage (determined 
via the sub-sample) of the ranked data were removed.  The median of the remainder of the 
dataset, and its associated Lx, is an approximation of the natural ambient sound level of the 
sub-sample.  To calculate the natural ambient sound level for the entire measurement period, 
this Lx is applied to dBA and one-third octave band data of the entire data set.    
 
The above computation can be mathematically expressed as follows: 
  

PPx +
−

=
2

100  

 
Where P is the percent of time human-caused sounds are audible 
 
For example, if non-natural sounds are audible for 40% of the time, L0 to L40 corresponds to 
the loudest (generally non-natural) sounds, and L40 to L100 corresponds to quietest (generally 
natural) sounds.  The median of L40 to L100 data is L70.  Therefore, the decibel value at L70, the 
sound level exceeded 70 percent of the time, would be used for the entire dataset to 
characterize the natural ambient sound level.   
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−

=
2

100 ; 7040
2

40100
=+

−
=x      

 
A legitimate concern with this approach is that some loud natural sounds, such as thunder, 
could be removed from the “natural” data before calculating natural ambient sound levels, and 
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the resulting calculated natural ambient sound levels could be an under-estimate of natural 
ambient sound levels.  Although this is a valid concern, such events are rare relative to the 
entire measurement period (>25 days).  Therefore, removing these data would not likely have 
a significant impact on calculations of natural ambient sound levels. 
 
Whenever human-caused sounds are audible a large percentage of the time, such as >75%, it 
is not reliable to compute Lnat because so much of the data has to be deleted.  Therefore, when 
human-caused sounds were audible >75 percent of the time, Lnat was not computed.  In such 
cases, L90 may be a better indicator of the natural ambient level.  This situation occurs mainly 
at developed, frontcountry areas, and sometimes even L90 is not a good representation of 
natural ambient.  In such cases, data from a similar land cover type is used for natural 
ambient.   
 
In previous acoustic studies in national parks, different Leq computations have been used, 
including the logarithmic mean of 1-second dB data, the arithmetic mean of hourly data, and 
the median of hourly data.  In order to allow general comparisons, all three Leq computations 
are presented in this report.  Generally, Leq is computed as the logarithmic mean of 1-second 
dB data for a specific time period, such as 1 hour or 12 hours.  However, the Leq logarithmic 
mean computations included in this report are based on the logarithmic mean of several 1-
hour periods (due to database limitations).  Such computations can result in small differences 
from Leq computations based on 1-second data for the same period, generally less than 1 dB. 

Acoustic Data Analysis Software 
Acoustic data were analyzed using software developed by the Natural Sounds Program, 
National Park Service, Fort Collins, CO.  The programs were used: 
 

Acoustic Monitoring Toolbox.  Used to analyze decibel data and provide summary 1-
hour statistics such as Lmin, Lmax, Leq, L10, L50, L90, and Lnat.  Also converts decibel 
data from the SLM format to a data format developed jointly by the NPS Natural 
Sounds Program and the Department of Transportation Volpe Center. 
 
DayAudibility.  A spreadsheet program used to code sound sources from observer 
field and office logs, and provides summary output statistics. 

Data Management and Storage 
Acoustic monitors were visited on average once every two weeks and data were downloaded 
to portable hard drives. All data were converted to a standard NPS/Volpe acoustic data format 
and stored on very large hard drives.  Data were backed up on additional hard drives.   

Threshold of Human Hearing and Instrument Noise Floor 
Humans with normal hearing can generally hear frequencies between 20 Hz and 20,000 Hz.  
Humans do not hear very low or very high frequencies very well, and human hearing is most 
sensitive between about 1,000 Hz and 5,000 Hz, with peak sensitivity between 3,500 Hz and 
4,000 Hz.  This sensitivity is due to the resonance of the auditory canal.  Humans with healthy 
hearing can hear sounds as low as about -4 dB at 3,150 Hz; however, at 20 Hz, the sound 



 25

level must be about 60 dB before it is audible to humans.  Generally, humans hear down to 
about 0 dBA.   
 
It is important to note that many of the acoustic metrics reported here are very low, near the 
system noise generated by the sound level meter (also referred to as “noise floor” and the 
lower limit of measurement capability, about 14 dBA).  Since many of the metrics and Lmin 
values reported herein were near the system noise of the instruments, actual sound levels in 
many areas of GLCA and RABR were very low, often lower than reported in this report. 

Location of Acoustic Monitors 
Areas of similar vegetation, land cover, topography, elevation, and climate often possess 
similar acoustical characteristics, including sound sources (birds, insects, and mammals), 
sound levels, propagation, and attenuation properties.  Such similar areas are generally 
considered “acoustic zones” and the goal of most acoustic studies is to sample the major 
acoustic zones in a given park.  Measurement locations were selected in consultation with 
GLCA staff after review of primary land cover types and human use patterns in GLCA and 
RABR.  Measurements were made in four land cover groups in GLCA and RABR: 
Cliff/Canyon; Desert Shrubland/Grassland; Pinyon-Juniper; and Developed.  “Lake” areas 
were not specifically addressed although several monitors were close to water.  We 
considered two levels of human use, use, low and high.  Low use areas are isolated lake side 
camping areas, low motor boat use, trails, and other areas with regular human use but 
relatively low numbers.  High use areas were generally very busy developed areas such as 
marinas, visitor centers, and high-density camping areas.   
 
Seven sites were selected for measurement (Figures 1 and 2; Table 4).  At two sites GLCA006 
(Lone Rock Bay East) and GLCA007 (Wahweap Marina), acoustic data had been collected in 
summer 2007 (but not winter) as part of an off-road vehicle noise measurement study.  In 
2010, winter measurements were made at these two locations in order to have data from two 
seasons for these two developed areas.  Also included in this report are results of a study on 
sound levels relative to the Cal Black Airport environmental analysis.  Four of seven sites 
studied were on side canyons of Lake Powell within GLCA.  Data from these sites (for 
summer season only) were analyzed for the Cal Black Airport study and are included in this 
report due to the relevance of these data to this study. 
 
Photographs of each measurement location are in Appendix IV. 
 



 26

Table 4.  Acoustic measurement in GLCA and RABR, including location, elevation, and 
primary land cover type. 
 

Site 
Number Site Name Latitude Longitude Elevation

(meters) Primary Land Cover(s) 

GLCA006 Lone Rock Bay East 37.01984 111.52850 1111 Rock/Sand/Lake 

GLCA007 Wahweap Marina 36.99410 111.48994 1129 Developed/Desert Shrub 

GLCA008 Rainbow Bridge 37.07777 110.96253 1155 Canyon/Rock/Shrub 

GLCA009 Iceberg Canyon 37.30342 110.73644 1130 Canyon/Rock/Lake 

GLCA010 Warm Creek Road 37.10004 111.50516 1226 Desert Shrub/Bare Soil 

GLCA011 Sewing Machine Rd. 37.92109 110.31220 1490 Desert Shrub/Bare Soil 

GLCA012 Hans Flat 38.22666 110.15087 1999 Pinyon-Juniper/Bare Soil 

GLCA016 Lake Canyon 37.43071 110.65193 1109 Canyon/Riparian 

GLCA017 Moki Canyon 37.47441 110.58277 1137 Canyon/Desert Shrub 

GLCA018 Forgotten Canyon 37.54443 110.58262 1132 Canyon/Desert Shrub  

GLCA019 Hansen Creek 37.56828 110.68369 1128 Rock/Desert Shrub 
 
Pinyon-Juniper land cover is relatively uncommon in GLCA (3% of area), and none of the 
Pinyon-Juniper areas are considered high visitor use areas.  In consultation with GLCA staff, 
we selected a Pinyon-Juniper site south of the Hans Flat Ranger Station, a location with 
infrequent visitors driving or hiking in the area. 
 
 
Results 
A total of 9,387 hours of acoustic data were collected for this study, 4,282 in summer and 
5,105 in winter.  At the five backcountry measurement locations, an average of 36 days of 
data was collected.  At the two frontcountry sites, an average of 18 days of data was collected.   
In addition to data collected during this study, data from two other acoustic studies in GLCA 
were included in this report.  Data (354 hours from two sites) from an off road vehicle study 
in 2007 (Ambrose and Florian 2007) were included, as were 4,230 hours of data from four 
sites from a Cal Black Airport study in 2010 (Paul Dunholter, pers. comm.).  In total, 13,971 
hours of acoustic data from 11 locations were analyzed. 
 
Sound Levels 
Sound levels (Lnat and L50) for summer and winter seasons and day and night periods for 
eleven measurement location in GLCA and RABR are shown in Tables 5 and 6.  Sound levels 
in the four primary land cover types for summer and winter are shown in Table 7 and Figures 
1 and 2.  Sound levels in the backcountry areas and lake areas were very low, often as low as 
the acoustic systems could measure.  Sound levels in the developed areas and high visitor use 
areas were much higher and are a reflection of almost continuous human-caused sounds in 
those areas. 
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Table 5.  Natural ambient (Lnat) sound levels at eleven measurement locations in GLCA and 
RABR, day and night, summer and winter, 2010. 
 

    Summer Winter 

Site Num. Site Name Day Night Day Night 

GLCA006* Lone Rock Bay East 41.4* 31.4* 19.8 19.6 

GLCA007* Wahweap Marina 35.9* 31.9* 28.2* 24.6* 

GLCA008 Rainbow Bridge 18.7 24.9 20.9 21.1 

GLCA009* Iceberg Canyon 25.0* 22.1 14.8 14.1 

GLCA010 Warm Creek Road 18.4 18.6 15.8 14.5 

GLCA011 Sewing Machine Rd. 20.8 23.7 15.0 14.2 

GLCA012 Hans Flat 23.0 16.0 17.0 14.0 

GLCA016 Lake Canyon 20.7 40.3 NA NA 

GLCA017 Moki Canyon 19.4 18.6 NA NA 

GLCA018 Forgotten Canyon 19.2 23.5 NA NA 

GLCA019 Hansen Creek 21.2 18.6 NA NA 
      

* In situations where human-caused sounds are audible >75% of the time, Lnat computations are less reliable. 
 
Table 6.  Existing ambient (L50) sound levels at eleven measurement locations in GLCA and 
RABR, day and night, summer and winter, 2010. 
 

    Summer Winter 

Site Num. Site Name Day Night Day Night 

GLCA006 Lone Rock Bay East 51.4 40.2 26.5 24.0 

GLCA007 Wahweap Marina 46.5 37.9 39.6 31.5 

GLCA008 Rainbow Bridge 22.8 26.9 21.3 21.3 

GLCA009 Iceberg Canyon 35.3 26.8 19.5 14.7 

GLCA010 Warm Creek Road 22.4 20.5 19.7 15.2 

GLCA011 Sewing Machine Rd. 22.2 24.7 15.5 14.2 

GLCA012 Hans Flat 24.9 16.3 19.0 14.5 

GLCA016 Lake Canyon 23.5 41.3 NA NA 

GLCA017 Moki Canyon 21.9 19.7 NA NA 

GLCA018 Forgotten Canyon 20.7 24.1 NA NA 

GLCA019 Hansen Creek 24.1 20.4 NA NA 
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Table 7.  Natural ambient (Lnat) sound levels for the primary land cover types at GLCA and 
RABR, 2010  
 

Land Cover Types Summer 
Day dBA 

Winter 
Day dBA 

Desert Shrubland; Grassland 18.7 15.3 

Cliffs, Canyons; Pinyon-Juniper 20.2 17.0 

Lake 34.2 14.8 
Riparian 25.1 18.6 
Developed, Low Density 26.4 23.4 
Developed, High Density 46.4 39.6 

 
 
Detailed and summary acoustic metrics for 11 measurements sites in GLCA and RABR are 
presented in Appendix V.  Metrics include decibel data (hourly dBA for Lmin, Lmax, L10, L50, 
L90, and Lnat) and frequency data (12.5-20000 Hz); identification of sound sources and percent 
time human-caused sounds were audible (aircraft and total); and noise free interval data for 21 
hours at different measurement locations.  Data and metrics are provided for both summer and 
winter seasons, as well as for day and night periods.  The following tables and figures are in 
the appendices: 

 
Median dBA values by hour (tables and figures); 
SPL versus Frequency, daytime (table); 
SPL versus Frequency, nighttime (table); 
SPL versus Frequency (figure);  
Hourly SPL and Frequency (figure); 
Percent time human-caused sounds were audible, including aircraft; and 
Noise free interval metrics. 

 
Sound Sources and Percent Time Audible  
Identification of common sound sources and percent time each was audible at each 
measurement location is shown in Appendices VI and VII.  The percent time that aircraft and 
all other human-caused sounds were audible is shown in Appendix VIII.   
 
In Developed, High Density areas (such as Wahweap Marina), human-caused sounds were 
audible nearly 100% of the time in both summer and winter seasons, day and night periods.  
In high-use lake areas (such as Iceberg Canyon), human-caused sounds were audible over 
90% of the time during summer daytime hours, while during summer nighttime and winter 
periods, human-caused sounds were less audible.  Aircraft sounds were common throughout 
GLCA and RABR, most commonly high altitude commercial jet aircraft (except at Rainbow 
Bridge where air tour aircraft were common in summer).  In developed areas and high visitor 
use areas, aircraft sounds were often masked by watercraft sounds, vehicle sounds, and other 
ground based human-caused sounds.  Common sound sources and percent time each was 
audible for high use and low use areas are shown in Table 8.   
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Table 8.  Common sound sources and percent time audible in developed/high use areas and 
backcountry/low use areas, summer and winter seasons. 
 

 Developed/High Use Backcountry/Low Use 

Sound Source Summer 
Mean 

Winter 
Mean 

Summer 
Mean 

Winter 
Mean 

Jet Aircraft 11.6 18.1 19.1 27.9 

Propeller Aircraft 2.5 3.3 2.4 2.6 

Helicopter Aircraft 0.0 0.2 0.0 0.0 

Vehicles 26.5 41.4 1.8 0.8 

Watercraft 35.3 7.7 3.9 0.0 

Trains 0.0 0.0 0.0 0.0 

Motors 11.8 21.0 6.0 4.0 

Grounds Care 0.0 0.8 0.0 0.0 

People 20.1 8.0 1.7 0.1 

Domestic Animals 1.3 0.7 0.0 0.0 

Building Sounds 7.6 15.7 0.0 0.0 

Construction Sounds 0.0 0.4 0.0 0.0 

Other Human Sounds 0.0 0.0 0.0 0.0 

Unknown Human Sounds 0.0 0.0 0.1 0.1 

Wind 15.5 15.6 40.5 29.4 

Water  25.7 33.5 8.9 33.6 

Mammal  0.4 0.4 1.3 0.0 

Birds  12.2 22.5 27.8 5.4 

Amphibians  1.0 0.0 0.0 0.0 

Insects  27.7 0.8 66.4 0.4 

Animal Sounds 0.7 0.0 1.4 0.4 

Other Natural Sounds 0.0 0.0 0.1 0.0 
 
 
For this summary table, visitor use classification (low, medium, high) of location varied by 
seasonal use (Table 9).  For four locations (GLCA016, Lake Canyon; GLCA017, Moki 
Canyon; GLCA018, Forgotten Canyon; and GLCA019, Hansen Creek) no winter data were 
available. 
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Table 9.  Visitor use (low, medium, high) of measurement locations at GLCA and RABR. 
 

Site Number Site Name Visitor Use 
Summer 

Visitor Use 
Winter Comment 

GLCA006 Lone Rock Bay East High Medium Little lake use but vehicles audible in winter 

GLCA007 Wahweap Marina High High   

GLCA008 Rainbow Bridge  High Low Air tours common in summer 

GLCA009 Iceberg Canyon  High Low High lake use in summer, low in winter 

GLCA010 Warm Creek Road  Medium Low   

GLCA011 Sewing Machine Road  Low Low   

GLCA012 Hans Flat Low Low   

GLCA016 Lake Canyon  Medium NA Systems at end of canyon; some watercraft audible. 

GLCA017 Moki Canyon  Medium NA Systems at end of canyon; some watercraft audible. 

GLCA018 Forgotten Canyon Medium NA Systems at end of canyon; some watercraft audible. 

GLCA019 Hanson Creek Medium NA Systems at end of canyon; some watercraft audible. 
 
Noise Free Interval 
Twenty-one hours of continuous audio data were analyzed to determine noise free interval 
(NFI) metrics, including percent time non-natural sounds were audible, percent time natural 
sounds were audible, maximum noise free interval, and mean noise free interval.  Fourteen 
hours were logged in the field and seven hours were logged in the office (nine hours in 
summer and twelve hours in winter).  Continuous audio data were not available for 2007 
measurement locations (GLCA006, Lone Rock, and GLCA007, Wahweap Marina).  At both 
of these locations, human-caused sounds were audible nearly 100% of the time.  Results of 
the NFI analysis are shown in Appendix IX. 
 
Noise free interval periods were essentially non-existent in the high density Developed areas, 
such as Wahweap Marina.  In low density Developed areas, such as Rainbow Bridge, NFI 
periods were similar to medium- and low-use areas, with human-caused sounds present but 
much less so than high density Developed areas.  Noise free interval metrics for day and night 
periods in backcountry areas in GLCA and RABR are shown in Table 10. 
 
Table 10.  Noise free interval metrics (mean), day and night periods, in low-use, backcountry 
areas of GLCA. 
 

Period 
of Day 

Non-Natural 
Sounds 

Natural 
Sounds Only 

Mean Max. 
NFI (min.) 

Mean NFI 
(minutes) 

Day 29.1% 71.0% 16.8 7.3 

Night 22.0% 78.0% 19.2 7.4 

 
 
 
 



 31

Discussion 
GLCA is a recreation area, and as such, visitor use of the area is different than in other 
National Parks.  At GLCA, the vast majority of visitors use the Lake Powell area in summer, 
and most of those use motorized watercraft.  Acoustic metrics (sound levels and audibility of 
human-caused sounds) at GLCA are greatly influenced by the number of visitors in a given 
area and the types of activity those visitors engage in.   
 
Sound Levels 
Visitors in the lake area of GLCA use all types of watercraft, from kayaks to houseboats to 
speed boats.  Some of these boats are extremely loud.  In high use areas in summer, existing 
sound levels averaged about 20-30 times higher than in low use areas (50 dBA versus 20 
dBA).  The percent time that human-caused sounds were audible was about 4 times higher in 
high use areas as compared to low use areas.  However, GLCA is a large area, over 1.25 
million acres, and these high use areas, primarily the lake and marinas, make up only about 
12% of the entire recreation area.  Even assuming a large “sound shadow” of the watercraft 
used by lake visitors, the majority of GLCA is not impacted by lake visitors and watercraft 
sounds.  As a result, sound levels in backcountry areas are often at very low levels (16-24 
dBA during daytime). 
 
Visitor use of the GLCA backcountry areas appears to be less than in backcountry areas of 
other nearby national parks with the possible exception of the Coyote Gulch area of the 
Escalante River (John Spence, pers. comm.).  In Grand Canyon National Park, Zion National 
Park, Canyonlands National Park, and Arches National Park, we commonly observed more 
visitors in the backcountry areas of these parks than in the backcountry areas of GLCA.  With 
low visitor use, opportunities to experience remoteness, solitude, and natural sounds are high.   
 
In addition to generally low visitor numbers in the backcountry areas of GLCA, the lake area 
during winter also has relatively few visitors.  Sound levels near the lake in winter are very 
low, as low as our equipment could measure, about 14 dBA.   
 
Sound Levels in Primary Land Cover Types 
Natural ambient sound levels in the common land cover types in GLCA and RABR (Figures 3 
and 4) are similar to levels from nearby parks, including Grand Canyon (Ambrose 2005) and 
Southeast Utah Group Parks (Arches, Canyonlands, Hovenweep, and Natural Bridges) 
(Ambrose and Florian 2009).  In summer, Lnat (natural ambient sound level) was highest in 
lake and Pinyon-Juniper areas, and lowest in desert shrubland and canyon areas.  In winter, 
Lnat was highest in canyon areas, and much lower in desert shrubland, Pinyon-Juniper, and 
lake areas.  This higher Lnat at the canyon measurement site (Rainbow Bridge) was likely due 
to a creek flowing under Rainbow Bridge (note elevated sound levels between 400 Hz to 2500 
Hz for cliff/canyon area in Figure 4).  Without this flowing creek sound, the Lnat in winter at 
all backcountry sites would probably have been very low, around 14-15 dBA. 
 
At some locations, sound pressure levels in GLCA and RABR were lower than in similar land 
cover types in nearby parks.  While some places in GLCA and RABR are very quiet, these 
lower levels may have been the result of improved acoustic equipment with lower noise 
floors.  Sound level meters used in this study measure down to about 14 dBA, 2-4 dB lower 
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than equipment used just a few years ago.  Regardless of the improving equipment, there are 
some very quiet places at GLCA and RABR. 
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Figure 3.  One-third octave band data (20-20000 Hz) and dBA of four primary land cover 
types at GLCA and RABR, summer season, daytime hours (0800-1800). 

-10

0

10

20

30

40

50

20
H

z

25
H

z

31
.5

H
z

40
H

z

50
H

z

63
H

z

80
H

z

10
0H

z

12
5H

z

16
0H

z

20
0H

z

25
0H

z

31
5H

z

40
0H

z

50
0H

z

63
0H

z

80
0H

z

10
00

H
z

12
50

H
z

16
00

H
z

20
00

H
z

25
00

H
z

31
50

H
z

40
00

H
z

50
00

H
z

63
00

H
z

80
00

H
z

10
00

0H
z

12
50

0H
z

16
00

0H
z

20
00

0H
z

Lnat Cliff, Canyon.  dBA=21.13
Lnat Desert Shrubland.  dBA=14.2
Lnat Pinyon-Juniper.  dBA=14.0
Lnat Lake.  dBA=14.1

 
Figure 4.  One-third octave band data (20-20000 Hz) and dBA of four primary land cover 
types at GLCA and RABR, winter season, daytime hours (0800-1600).  Elevated sound levels 
between 400 Hz to 2500 Hz at GLCA008 were due to creek flowing under Rainbow Bridge. 
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Sound Levels in Similar Land Cover Types in Near-by Parks 
In order to assess sound levels at GLCA and RABR relative to other near-by parks, we 
compared sound levels in the three primary land cover types at GLCA and RABR (desert 
shrubland, cliffs/canyons, and Pinyon-Juniper) with sound levels in similar land cover types 
in near-by parks, including Grand Canyon National Park (GRCA) (Ambrose 2005), Arches 
National Park (ARCH) (Ambrose and Florian 2009), and Natural Bridges National Monument 
(NABR) (Ambrose and Florian 2009).   
 
Direct comparisons of sound levels in different parks are somewhat difficult in that acoustic 
measurements have improved over time, both in terms of equipment used as well as metrics 
computed.  Measurements at ARCH, CANY, and NABR were made in 2001-2002, and those 
at GRCA were made in 2005.  Newer equipment used at GLCA, RABR, and GRCA had 
lower noise floors than that used at ARCH, CANY, and NABR (about 14 dBA compared to 
about 17 dBA).  Data analysis has become more comprehensive in recent years, and more 
metrics were computed at GLCA and RABR than at GRCA, ARCH, CANY, or NABR.  One 
metric computed for all locations was the L90 (level exceeded 90% of the time) for the hours 
0000-2400.  The L90 and dBA (computed) values for GLCA and RABR locations in desert 
shrubland, cliffs/canyons, and Pinyon-Juniper, are compared with levels in similar land cover 
types at GRCA, ARCH, NABR, and CANY in Figures 5-7.  Levels were similar, but GLCA 
and RABR levels tended to be lower in most cases.  This may be due to two reasons.  First, 
equipment has improved in recent years with lower measurements possible now (by 2-3 
dBA).  Second, many areas of GLCA and RABR are sparsely vegetated, generally less so 
than most areas of GRCA, ARCH, CANY, and NABR.  Areas with little vegetation appear to 
have fewer mammals, birds, and insects, hence sound levels could be less due to fewer animal 
sounds.  Additionally, areas with little vegetation generate less “wind through vegetation” 
sounds.   
 
Sound Levels at Rainbow Bridge 
The median hourly Leq (an energy average) at GLCA008 (Rainbow Bridge) in summer was 
36.0 dBA.  At other moderate visitor use areas in nearby parks, such as the visitor centers at 
Hovenweep National Monument and Natural Bridges National Monument, the median hourly 
Leq was 31.7 dBA and 30.9 dBA, respectively, in summer.  In winter, the median hourly Leq 
at Rainbow Bridge was 26.8 dBA; at HOVE and NABR, 26.4 dBA and 31.9 dBA 
respectively.  These differences in summer, and similarities in winter, suggest that a few loud 
events, probably air tour aircraft, contribute to elevated Leq values in summer.  Air tours are 
common at RABR but not at HOVE or NABR. 
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Figure 5.  Desert shrubland L90 sound levels by frequency and dBA at GLCA011 (Sewing 
Machine Road) and similar land cover type at GRCA and ARCH. 
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Figure 6.  Canyon/cliff L90 sound levels by frequency and dBA at GLCA008 (Rainbow 
Bridge) and similar land cover type at NABR and CANY. 
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Figure 7.  Pinyon-Juniper L90 sound levels by frequency and dBA at GLCA012 (Hans Flat) 
and similar land cover type at GRCA and ARCH. 
  
Sound sources and Percent Time Audible 
GLCA is a recreation area and the majority of visitor activity occurs on Lake Powell in the 
summer months.  The most common sound sources on the lake during summer are watercraft.  
Although aircraft sounds are relatively common at GLCA, watercraft sounds frequently mask 
aircraft sounds on the lake.  In areas of GLCA away from the lake (>5 km), high altitude 
commercial jet aircraft were the most common sound source.  During winter months, visitor 
use of the lake area is very low and the primary human-caused sound source is high altitude 
commercial jet aircraft. 
 
At RABR in recent years, the boat dock has been 1 km to 1.5 km away from the bridge due to 
low lake levels.  Because of this distance, and the no-wake boat speed rules in the monument, 
watercraft sounds were uncommon (2.1%) at the monument.  The most common sounds were 
people talking and walking, high altitude commercial jets, and air tour aircraft.  
 
Noise Free Interval 
In developed and high use areas of GLCA and RABR, such as the marinas and some lake 
areas (in summer), there were few and short periods of natural sound only (mean NFI was 
1.04 minutes).  However, in low use backcountry areas and lake areas in winter, mean noise-
free periods were longer than in nearby parks.  In Grand Canyon National Park, the mean NFI 
for four backcountry sites was 3.2 minutes (Ambrose 2005).  At GLCA and RABR 
backcountry sites and lake in winter, the mean daytime NFI was 7.3 minutes and the mean 
nighttime NFI was 7.4 minutes.  The primary sound source that shortened these NFI periods 
was high altitude commercial jets. 
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Air Tours at GLCA and RABR 
Rainbow Bridge is the most common destination for air tours at GLCA and RABR.  Air tours 
at RABR are somewhat different than air tours at most other parks for two reasons.  First, 
most of the air tour aircraft are propeller aircraft (few helicopters), and in order for all 
passengers (those of left side of aircraft and those on right side of aircraft) to see Rainbow 
Bridge, most air tours make two passes over the bridge.  Second, the terrain around Rainbow 
Bridge is a steep canyon, and the sounds of air tours (and any other aircraft) are amplified due 
to sounds reflecting off the multiple canyon walls.  This combination of multiple passes by 
each air tour in combination with the terrain of the area resulted in increased sound levels for 
each air tour at RABR.   
 
Aircraft sounds can have a significant impact on sound levels in a park or monument.  An 
example of this impact is the 1200-1300 hour on January 26, 2010, at RABR (Figure 8).  In 
this hour, a propeller aircraft was audible for about 9:30 minutes (16% of the hour).  The 
average sound level (energy-averaged, or Leq) of the propeller aircraft when it was audible 
was 54.4 dBA; the average natural ambient sound level was 20.5 dBA.  The difference 
between the Leq of the propeller aircraft and Leq of natural sounds was 34 dBA.  This increase 
of 34 dBA means the sound from this propeller aircraft was 50 times louder than natural 
sounds.  In this example, there were four passes over the bridge by propeller aircraft.  These 
four passes could represent two air tour flights, each flight passing over Rainbow Bridge 
twice (in order to provide each side of the aircraft a view of the bridge).  The altitude of these 
propeller aircraft overflights was not known.   
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Figure 8.  GLCA008 (Rainbow Bridge), Jan. 26, 2010, 1200-1300, dBA. 
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During the hours 0700-1900 in summer, propeller aircraft were audible 10.4% of the time at 
RABR.  Although not all propeller aircraft at RABR were air tour aircraft, nearly all of those 
we observed appeared to be air tour aircraft.  Propeller aircraft were audible at RABR more 
than at other GLCA measurement sites.  Additionally, with the exception of GRCA, propeller 
aircraft generally were audible more often at RABR (10.4%) than at nearby national parks 
(generally <5% at NABR, CANY, ARCH) (Ambrose 2005, Ambrose and Florian 2009). 
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Appendix I.  Definitions of Common Acoustic Terminology 
 
The following are definitions of acoustic terms used in this report (NPS 2005).   

 
Acoustic Zone 
Areas of like vegetation, land cover, topography, elevation, and climate often possess 
similar acoustical characteristics, including sound sources (birds, insects, mammals), 
sound levels, propagation and attenuation properties.  Such similar areas are generally 
considered “acoustic zones” 
 
Audibility 
Audibility is the ability of animals with normal hearing, including humans, to hear a 
given sound.  Audibility is affected by the hearing ability of the animal, other 
simultaneous interfering sounds or stimuli, and by the frequency content and 
amplitude of the sound.   
 
A-Weighting (dBA)   
A-weighting is used to account for differences in human hearing sensitivity as a 
function of frequency.  A-weighting de-emphasizes the high (6.3 kHz and above) and 
low (below 1 kHz) frequencies, and emphasizes the frequencies between 1 kHz and 
6.3 kHz, in an effort to simulate the relative response of human hearing.  
 
Decibel (dB) 
A logarithmic measure commonly used in the measurement of sound.  The decibel 
provides the possibility of representing a large span of signal levels in a simple 
manner as opposed to using the basic pressure unit Pascal.  The difference between the 
sound pressure for silence versus a loud sound is a factor of 1,000,000:1 or more, 
therefore it is less cumbersome to use a small range of equivalent values: 0 to 130 
decibels. 
 
Existing Ambient Sound Level (L50) 
The sound level of all sounds in a given area, including all natural sounds as well as 
all mechanical, electrical and other human-caused sounds.  The existing ambient 
sound level will be characterized by the L50 exceedence level (i.e., the median). 
 
Frequency 
The number of times per second that the sine wave of sound repeats itself.  It can be 
expressed in cycles per second, or Hertz (Hz).  Frequency equals Speed of Sound / 
Wavelength.  
 
Natural Ambient Sound Level (Lnat) 
The sound level of all natural sounds in a given area, excluding all mechanical, 
electrical and other human-caused sounds.  “Natural ambient” is considered 
synonymous with the term “natural quiet,” although natural ambient is more 
appropriate because nature is often not quiet.  The Lnat will be characterized by the 
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exceedence value calculated by removing the percent time human-caused sounds are 
audible. 
 
Leq (Equivalent Sound Level) 
The logarithmic average (i.e., on an energy basis) of sound pressure levels over a 
specific time period.  “Energy averaged” sound levels are logarithmic values, and as 
such are generally much higher than arithmetic averages.  Leq values are typically 
calculated for a specific time period (1-hour and 12-hour time periods are often used).  
Leq values are computed from all of the 1-second Leq values for the specific time 
period.  Leq must be used carefully in quantifying natural ambient sound levels 
because occasional loud sound levels may heavily influence (increase) the Leq value, 
even though sound levels for that period of time are typically lower. 
 
Lmax 
The maximum sound pressure level for a given period. 
 
Lmin 
The minimum sound pressure level for a given period. 
 
Lx (Exceedence Percentile) 
This metric is the sound pressure level (L), in decibels, exceeded x percent of the time 
for the specified measurement period.  L50 is the sound pressure level exceeded 50 
percent of the time (L50 is the same as the median).  L90 is the sound pressure level 
exceeded 90 percent of the time.   
 
Noise Free Interval (NFI) 
The length of the continuous period of time during which only natural sounds are 
audible or there is silence. 
 
Octave 
The interval between two frequencies having a ratio of 2 to 1.  The octave is an 
important frequency interval relative to human hearing, and octave band analysis is a 
standard for acoustic analysis.  The frequency resolution in octave band analysis is 
relatively poor; hence finer frequency resolution is often used in acoustic analysis.  
Generally, one-third octave band analysis is used.  Three one-third octave bands are in 
one octave, so the resolution of such a spectrum is three times better than the octave 
band spectrum.  
 
Sound 
Sound can be defined as a pressure variation in air or other media that is within the 
hearing range of a given species.  This pressure variation has two components:  
amplitude (sound pressure level) and frequency content.  Sound pressure is a measure 
of the fluctuations in air pressure caused by the presence of sound waves. 
Sound Level 
Generally, sound level refers to the weighted sound pressure level obtained by 
frequency weighting, usually A- or C-weighted.    
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Sound Pressure 
Sound pressure is the instantaneous difference between the actual pressure produced 
by a sound wave and the average barometric pressure at a given point in space.  Not 
all pressure fluctuations detected by a microphone are sound (e.g., wind over the 
microphone).  Sound pressure is measured in Pascals (Pa), Newtons per square meter, 
which is the metric equivalent of pounds per square inch. 
 
Sound Pressure Level (SPL) 
The logarithmic form of sound pressure.  Generally, sound pressure level refers to 
unweighted sound pressure levels of one-third octave bands.  

 
Acoustic metrics are often confusing and not always easily understood.  A short summary 
follows. 
 
Some metrics are straightforward while others are not.  Lmin and Lmax are simply the minimum 
and maximum measured values.  Leq is a logarithmic average (i.e., on an energy basis) of 
sound levels over a specific time period.  In park situations, Leq is useful for quantifying 
intruding sounds because its magnitude depends heavily on the loudest periods of a time-
varying sound.  Leq of an intruding source by itself, however, is inadequate for fully 
characterizing the intrusiveness of the source.  Judgments of the effects of sound intrusions in 
park environments depend not only upon the amplitude of the intrusion, but also upon the 
sound level of the “background,” in this case, the sound level of the non-intruding sources, 
usually the natural ambient sound levels.  Leq values are not generally appropriate for 
quantifying natural ambient sound levels; Leq does not translate time-varying exposures into a 
biologically equivalent measure.  
 
Exceedence metrics (L10, L50 and L90) are sound levels, in decibels, exceeded x percent of the 
time for the specified measurement period.  The L10 value represents the sound pressure level 
exceeded 10 percent of the time, and the L50 value represents the sound pressure level 
exceeded 50 percent of the time.  L50 is the same as the median.  The L90 value represents the 
sound pressure level exceeded 90 percent of the time during the measurement period.  L50 and 
L90 values are commonly used to represent existing ambient and natural ambient sound levels, 
respectively, in acoustic studies.  The L50 value is an appropriate metric to represent natural 
ambient sound levels when no human-caused sounds affect the measurements; however, this 
is very rare in the United States, even is remote locations in National Parks.  Some agencies 
use the L90 metric to represent the “background” sound level. 
 
In acoustic studies, data are often adjusted to match the hearing ability of a given species; 
different species of animals hear certain frequencies better than others.  Most often, this 
adjustment is “A-Weighting,” where data are adjusted for human hearing.  As with many 
species, humans do not hear very well at very low or very high frequencies.   
 
Sound is made up not only of amplitude, but also of frequency, measured in Hertz (Hz).  
Acoustic monitors used early in this study collected dBA data only (the summation of all A-
weighted frequencies).  As newer monitors were developed, one-third octave band data, 
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generally between 20-20,000 Hz were collected.  One-third octave band data are much more 
informative than dBA data only because dBA levels are a single value, the sum of many dB 
levels of many different frequencies.  The single value dBA can be misleading because one 
does not know what sound(s) contributed to dBA value.  With one-third octave band data, one 
can assess what frequencies contributed most to the sound levels (and in some cases predict 
the source of the sound).  Additionally, models that predict audibility require one-third octave 
band data.  This is because audibility of a given sound is determined not only by the 
amplitude of that sound, but also the frequency content of the sound relative to the frequency 
content of ambient conditions. 
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Appendix II.  Measurement System Information 
 

  Summer 

Site Number Site Name SLM 
LD831 

Preamp 
PRM831 

Micro. PCB 
377B20 

Edirol 
R09HR 

GLCA006 Lone Rock Bay East 1311  0473  104742  iAudio X5  

GLCA008 Rainbow Bridge 1310 0478 111469 32009 

GLCA009 Iceberg Canyon 1304 0474 112333 12393 

GLCA010 Warm Creek Road 1311 0473 111471 32002 

GLCA011 Sewing Machine Rd. 1308 0476 111473 13934 

GLCA012 Hans Flat 1305 0475 111498 12300 

GLCA016 Lake Canyon 1310 0478 111469 32009 

GLCA017 Moki Canyon 1304 0474 112333 12393 

GLCA018 Forgotten 1308 0476 111473 13934 

GLCA019 Hansen Creek 1311 0473 111471 16135 

    Sound Tech. GRAS26CA GRAS40AQ Recorder 

GLCA007 Wahweap Marina RTA123 35453 38150 Computer 
      
  Winter 

Site Number Site Name SLM 
LD831 

Preamp 
PRM831 

Micro. PCB 
377B20 

Edirol 
R09HR 

GLCA006 Lone Rock Bay East 1310 0478 111469 32009 

GLCA008 Rainbow Bridge 1311 0473 111471 32002 

GLCA009 Iceberg Canyon 1308 0476 111473 13934 

GLCA010 Warm Creek Road 1305 0475 111498 32003 

GLCA011 Sewing Machine Rd. 1304 0474 112333 12393 

GLCA012 Hans Flat 1311 0473 111471 12393 

GLCA016 Lake Canyon NA NA NA NA 

GLCA017 Moki Canyon NA NA NA NA 

GLCA018 Forgotten NA NA NA NA 

GLCA019 Hansen Creek NA NA NA NA 

    Sound Tech. GRAS26CA GRAS40AQ Recorder 

GLCA007 Wahweap Marina RTA123 35453 38150 Computer 
  

Calibrator:  B&K 4231; SN 2094432 

All Systems used Larson-Davis Environment Shroud EPS2106 with 10 x 22 cm foam windscreen and bird spike. 

All systems powered by lithium-ion or gel cell batteries with solar charging. 

No winter measurements at GLCA016-019 (all part of Cal Black Airport study, summer only) 
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Appendix III.  Instrument settings for acoustic equipment at GLCA and RABR, 2010 
 
LD 831 Settings  
General Data File:  Site Name (GLCA001) 
  Measurement Desc.: Blank (or lat/long) 
SLM  Frequency weighting: A 
  Detector:  Depends on Study 
  Peak Weighting: A 
  Integration Method: Linear (default) 
  +20 dB gain:  No (not checked) 
OBA  OBA range:  Low 
  Bandwidth:  1/3 
  Frequency weighting: Z (none) 
  Spectral Ln Mode: Off 
Ln:    10, 50, 60, 70, 75, and 90 
Control Run Mode:  Continuous 
  Auto-store:  Yes  
  Time:   00:00:00  
Time History Enable:   Yes (checked) 
  Period:   1s 
  Options to Check (4): LAeq 
     OBA 1/3 Leq 
     External Power 
     Internal Temp 
Triggers/Markers/Day-Night:   Default 
System Properties 
Device  831 serial number, last four 
Time  Set to GPS time. 
Power  No “auto off” 
Preferences Mic Corr:  Off 
  Auto-store:  Store 
  Jack Function:  AC/DC 
  Reset prompting: Yes (checked) 
  Takt. Maximal:  No (not checked) 
  USB Host Port:  Off 
Localization Default 
Displays Default 
 
 
Digital Recorder, Edirol R09HR, with 32GB SD Memory Card 

• Line-in to R09HR from LD 831 Microphone out jack. 
• Recording quality:  MP3, 128 kpbs 
• Microphone Input Level: High 
• Line-in Recording Level: 35-40 (to achieve -3 dB record level at 94 dBA) 
• File Size:   256MB 
• Time:    Set to GPS (same as LD831) 
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 Appendix IV.  Photographs of Measurement Sites 
 

 
GLCA006, Lone Rock Bay East 
 
 

 
GLCA007, Wahweap Marina (microphone on top of truck cab). 
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Appendix IV.  Photographs of Measurement Sites (cont.) 
 

 
GLCA008, Rainbow Bridge 
 
 

 
GLCA009, Iceberg Canyon 
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Appendix IV.  Photographs of Measurement Sites (cont.) 
 

 
GLCA010, Warm Creek Road 
 
 

 
GLCA011, Sewing Machine Road 
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Appendix IV.  Photographs of Measurement Sites (cont.) 
 

 
GLCA012, Hans Flat 
 
 

 
GLCA016, Lake Canyon 
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Appendix IV.  Photographs of Measurement Sites (cont.) 
 

 
GLCA017, Moki Canyon 
 
 

 
GLCA018, Forgotten Canyon 
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Appendix IV.  Photographs of Measurement Sites (cont.) 
 

 
GLCA019, Hansen Creek 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010  
 
(Summer 2007 GLCA006 and GLCA007) 
 
GLCA006, Lone Rock Bay East, Summer 2007 (154 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 22.8 24.2 27.0 22.8 31.8 37.3 44.0 53.3 35.1 
01 19.7 20.3 22.0 21.0 25.7 33.1 39.5 50.7 30.8 
02 20.0 20.7 21.9 21.3 24.8 31.0 40.0 48.1 30.2 
03 20.7 22.9 27.8 27.8 37.2 40.6 42.0 43.9 37.8 
04 22.5 30.7 33.7 34.3 36.0 39.8 40.9 45.7 38.0 
05 21.6 22.7 23.8 24.2 28.3 38.9 41.0 45.0 35.5 
06 22.4 24.9 27.8 26.1 33.4 41.5 51.2 60.8 39.8 
07 33.3 34.7 38.2 33.3 45.7 52.4 58.6 67.4 49.2 
08 36.2 39.0 41.7 36.2 46.8 54.1 61.6 68.8 50.7 
09 38.6 40.4 43.2 38.6 49.1 55.9 62.7 69.6 53.0 
10 38.9 41.2 44.6 38.9 49.5 56.7 63.6 70.1 53.7 
11 39.6 42.4 45.7 39.6 51.2 57.4 66.2 70.5 56.5 
12 41.4 43.4 46.6 41.4 51.3 57.5 66.8 72.2 55.7 
13 41.3 44.0 46.9 41.3 51.2 55.7 62.1 71.1 53.3 
14 43.5 45.4 48.5 43.5 52.5 57.7 64.2 69.6 56.0 
15 43.0 45.1 48.1 43.0 52.9 59.3 66.8 73.9 57.1 
16 42.4 44.5 47.7 42.4 52.2 57.9 66.4 72.5 55.9 
17 42.5 44.6 46.9 42.5 53.0 58.3 67.9 75.6 56.6 
18 44.9 46.4 47.9 44.9 52.1 59.3 69.2 79.7 59.1 
19 42.6 43.6 45.7 42.6 48.8 53.2 61.7 67.0 51.3 
20 38.5 39.4 41.1 38.5 44.7 48.8 53.0 62.3 46.7 
21 38.8 39.8 42.0 38.8 44.6 50.5 56.2 59.9 48.5 
22 33.5 34.8 36.7 35.1 40.2 44.6 50.8 55.8 42.3 
23 25.1 26.4 30.9 25.1 35.2 40.9 45.1 52.2 38.0 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA006, Lone Rock Bay East, Summer 2007 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  33.1 24.3 38.5 47.3 
15.8Hz  35.3 27.3 39.9 46.3 
20Hz  37.8 30.4 41.9 47.0 
25Hz  39.0 33.2 43.6 48.2 
31.5Hz  42.3 35.6 46.9 51.0 
40Hz  44.3 37.8 48.5 53.9 
50Hz  45.1 38.2 49.6 55.8 
63Hz  48.2 42.7 52.0 57.9 
80Hz  47.6 41.5 52.4 59.5 
100Hz  48.8 42.0 54.1 61.1 
125Hz  49.8 44.0 55.1 63.0 
160Hz  47.9 41.5 53.4 62.2 
200Hz  43.9 37.9 50.4 58.5 
250Hz  41.8 35.7 47.5 55.1 
315Hz  38.3 32.8 44.4 51.5 
400Hz  37.4 31.4 43.0 49.8 
500Hz  37.0 31.0 42.4 48.2 
630Hz  35.8 30.5 41.0 47.0 
800Hz  34.6 28.7 39.9 45.8 
1000Hz 34.1 28.2 39.6 45.0 
1250Hz 32.6 26.1 38.2 43.7 
1600Hz 30.3 24.0 35.3 41.3 
2000Hz 27.8 21.3 33.0 39.0 
2500Hz 24.6 17.7 30.2 36.3 
3150Hz 22.0 14.9 27.6 33.9 
4000Hz 21.4 14.3 26.8 33.3 
5000Hz 19.7 12.9 25.5 31.9 
6300Hz 16.0 10.2 21.5 28.4 
8000Hz 14.7 9.9 19.8 26.4 
10000Hz 12.9 9.3 17.7 24.2 
12500Hz 11.5 9.3 15.3 21.0 
16000Hz 9.6 8.7 11.5 15.9 
20000Hz 9.1 8.8 9.6 11.1 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.)  
 
GLCA006, Lone Rock Bay East, Summer 2007 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  29.6 24.9 37.0 46.1 
15.8Hz  31.8 26.9 37.8 45.1 
20Hz  32.3 28.0 37.9 44.6 
25Hz  30.5 27.2 37.5 44.2 
31.5Hz  30.2 27.4 39.0 45.6 
40Hz  31.8 27.6 39.6 46.5 
50Hz  31.5 27.4 39.3 46.3 
63Hz  33.4 28.6 39.3 44.2 
80Hz  30.8 26.7 37.4 44.5 
100Hz  30.3 27.0 35.9 42.2 
125Hz  30.3 27.9 36.9 43.0 
160Hz  26.6 24.2 34.1 41.0 
200Hz  25.2 22.4 30.4 38.5 
250Hz  22.7 19.4 28.4 36.0 
315Hz  21.3 15.5 26.3 32.8 
400Hz  21.7 16.2 26.8 31.8 
500Hz  21.1 16.6 26.1 31.0 
630Hz  19.7 15.4 24.9 30.4 
800Hz  18.6 14.0 23.7 29.0 
1000Hz 17.1 12.3 23.8 28.9 
1250Hz 15.4 11.3 22.9 27.7 
1600Hz 13.5 9.4 20.2 25.5 
2000Hz 11.2 7.2 18.2 23.4 
2500Hz 8.0 5.6 14.6 19.4 
3150Hz 7.2 5.5 11.3 17.4 
4000Hz 10.9 7.7 19.5 26.5 
5000Hz 12.1 8.2 18.3 28.2 
6300Hz 7.4 6.8 8.9 12.0 
8000Hz 8.0 7.6 9.2 12.3 
10000Hz 8.4 8.1 9.5 13.3 
12500Hz 8.6 8.4 9.4 10.7 
16000Hz 8.4 8.2 8.6 10.0 
20000Hz 8.7 8.7 8.8 9.1 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.)  
 
GLCA006, Lone Rock Bay East, Summer 2007 (154 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA006, Lone Rock Bay East, Winter 2010 (556 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 19.5 20.2 21.1 22.6 24.6 27.7 34.5 41.4 26.2 
01 19.6 20.4 21.6 22.9 23.7 28.6 35.0 40.5 26.0 
02 18.7 19.7 20.4 20.5 21.7 26.5 30.1 34.1 24.1 
03 17.7 18.5 19.2 20.2 20.9 24.1 27.4 31.0 23.3 
04 16.9 17.7 19.2 19.8 21.5 25.6 30.1 33.4 23.4 
05 17.5 18.0 18.9 19.2 22.3 25.4 28.6 34.2 23.1 
06 17.0 17.5 18.7 19.4 22.2 26.6 33.7 48.3 27.3 
07 19.2 19.8 21.6 22.1 24.7 30.7 39.4 48.9 29.8 
08 19.4 20.1 22.5 21.0 27.0 32.8 39.8 48.3 29.9 
09 18.3 19.3 20.3 18.3 25.0 34.9 45.6 53.1 34.5 
10 17.6 18.5 20.5 19.0 25.5 35.2 45.7 56.6 35.0 
11 17.8 18.6 20.4 19.0 26.3 34.8 45.5 55.2 34.4 
12 18.1 19.5 22.2 22.2 28.0 35.7 46.4 56.3 33.6 
13 17.7 19.1 21.4 22.0 27.7 36.9 47.7 55.6 35.5 
14 17.8 19.0 21.4 17.8 27.1 35.8 49.5 58.5 38.0 
15 17.5 18.8 21.0 20.8 26.4 35.2 49.4 58.0 37.6 
16 17.5 18.2 19.7 17.5 26.6 36.5 47.1 56.6 35.5 
17 17.6 18.9 21.6 17.6 27.5 36.7 45.4 54.3 35.7 
18 16.6 17.3 18.6 16.6 27.6 32.4 39.6 48.2 31.2 
19 17.1 18.1 19.8 17.1 24.4 32.5 39.4 44.8 30.3 
20 18.0 18.6 20.2 19.1 24.1 30.8 39.3 45.4 29.3 
21 17.6 18.3 19.8 20.0 22.6 31.9 39.5 45.4 28.6 
22 16.8 17.3 19.1 17.5 22.2 30.6 37.1 43.1 27.0 
23 17.2 17.7 18.5 17.2 20.9 27.3 35.6 40.6 25.6 
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Appendix V.  Acoustic Metrics for GLCA and RABRs, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA006, Lone Rock Bay East, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  35.0 32.2 42.0 51.3 
15.8Hz  35.4 32.8 40.9 48.4 
20Hz  34.8 32.6 40.0 46.2 
25Hz  32.6 30.4 37.4 43.0 
31.5Hz  31.4 29.5 36.2 41.5 
40Hz  30.4 27.8 35.5 41.3 
50Hz  29.5 27.1 35.0 41.2 
63Hz  29.1 26.7 34.9 41.0 
80Hz  28.1 25.5 34.0 41.2 
100Hz  26.3 23.7 32.2 39.4 
125Hz  25.5 23.1 31.2 38.3 
160Hz  21.4 19.0 28.0 36.4 
200Hz  18.6 16.3 25.7 35.9 
250Hz  16.4 14.6 23.8 35.4 
315Hz  14.2 12.2 21.3 32.4 
400Hz  11.1 9.1 18.1 28.7 
500Hz  9.3 7.1 14.7 24.1 
630Hz  8.0 6.2 13.0 20.9 
800Hz  6.3 4.9 11.9 18.0 
1000Hz 3.7 2.6 8.8 14.8 
1250Hz 1.5 0.6 4.7 12.7 
1600Hz 1.4 0.9 3.6 10.6 
2000Hz 1.8 1.5 3.6 8.5 
2500Hz 2.1 2.0 3.9 8.5 
3150Hz 2.8 2.8 3.6 7.2 
4000Hz 3.7 3.6 4.1 5.0 
5000Hz 4.2 4.0 4.4 4.9 
6300Hz 4.8 4.6 5.0 5.3 
8000Hz 5.1 5.0 5.3 5.6 
10000Hz 4.8 4.6 4.9 5.3 
12500Hz 3.7 3.5 3.9 4.1 
16000Hz 1.1 0.9 1.3 1.6 
20000Hz -0.7 -0.8 -0.5 0.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA006, Lone Rock Bay East, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  32.1 31.4 38.0 47.3 
15.8Hz  33.0 31.6 38.1 44.7 
20Hz  32.6 30.8 37.6 43.3 
25Hz  29.3 27.1 33.7 39.3 
31.5Hz  28.1 25.9 32.5 38.1 
40Hz  26.1 23.8 31.3 37.6 
50Hz  24.4 22.6 29.9 37.0 
63Hz  25.0 23.0 30.5 36.6 
80Hz  21.7 20.2 27.7 35.4 
100Hz  21.9 19.9 26.7 33.7 
125Hz  21.8 20.7 26.8 33.0 
160Hz  18.2 17.6 23.7 30.4 
200Hz  16.9 16.5 21.9 29.6 
250Hz  15.7 15.3 20.4 28.1 
315Hz  13.3 13.2 18.5 26.4 
400Hz  9.9 10.0 15.1 23.0 
500Hz  8.1 7.8 12.5 19.3 
630Hz  6.8 7.0 11.1 17.6 
800Hz  6.3 6.7 10.6 15.7 
1000Hz 4.6 4.8 9.0 14.2 
1250Hz 3.5 3.6 7.7 13.2 
1600Hz 3.1 3.2 6.7 11.7 
2000Hz 3.2 3.1 5.5 9.9 
2500Hz 6.1 5.8 6.9 9.6 
3150Hz 6.4 6.0 7.0 8.2 
4000Hz 4.0 3.8 4.4 5.2 
5000Hz 4.2 4.0 4.4 4.8 
6300Hz 4.7 4.6 5.0 5.2 
8000Hz 5.1 5.0 5.3 5.5 
10000Hz 4.6 4.6 4.8 5.1 
12500Hz 3.4 3.4 3.6 3.8 
16000Hz 0.9 0.9 1.0 1.2 
20000Hz -0.9 -0.9 -0.7 -0.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA006, Lone Rock Bay East, Winter 2010 (556 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Summer 2007 (200 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 31.1 31.7 32.4 31.1 34.4 42.4 53.8 59.5 40.9 
01 30.7 31.3 32.0 30.7 33.5 38.8 50.9 60.4 39.2 
02 30.5 31.0 31.7 30.5 32.9 35.6 46.7 56.4 36.1 
03 31.1 31.7 32.3 31.1 33.2 35.4 46.3 57.2 36.8 
04 31.4 31.8 32.3 31.4 33.4 39.8 52.8 62.9 40.1 
05 31.2 31.8 32.7 31.2 36.2 48.1 56.8 66.4 45.2 
06 32.0 33.1 36.1 32.0 43.2 55.6 61.4 69.4 52.1 
07 35.3 36.3 39.6 35.3 46.4 57.9 63.8 72.6 54.1 
08 35.1 36.9 39.6 35.1 45.6 55.9 64.6 73.5 53.3 
09 35.1 36.3 39.9 35.1 46.7 55.5 64.3 74.3 54.0 
10 36.7 38.0 41.0 36.7 46.3 54.5 63.8 74.0 53.0 
11 35.8 37.0 41.9 35.8 46.6 54.9 64.7 74.5 54.6 
12 35.7 37.1 40.4 35.7 46.7 55.8 65.4 73.8 53.7 
13 35.8 37.1 39.7 35.8 45.9 54.3 64.0 73.0 52.6 
14 34.9 36.5 39.8 34.9 45.6 54.1 62.2 71.3 51.1 
15 37.5 38.8 42.5 37.5 47.4 55.2 64.3 75.1 53.9 
16 36.4 38.3 41.8 36.4 48.1 55.8 64.0 72.3 53.1 
17 35.9 37.0 40.5 35.9 46.2 55.1 62.1 72.6 52.0 
18 35.0 36.7 39.6 35.0 45.7 54.1 63.1 74.7 52.7 
19 35.9 37.2 40.0 35.9 45.8 53.6 60.6 67.3 50.3 
20 34.3 35.2 37.0 34.3 41.7 51.5 58.7 67.4 48.3 
21 33.2 33.8 35.0 33.2 39.8 50.1 58.0 68.2 46.8 
22 31.5 32.0 33.1 31.5 37.8 49.0 57.6 68.7 46.8 
23 30.9 31.9 33.0 30.9 36.5 47.9 55.1 64.2 44.4 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Summer 2007 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  40.7 31.7 45.7 52.3 
15.8Hz  42.1 34.6 46.7 53.0 
20Hz  42.6 35.9 46.8 52.4 
25Hz  43.0 37.1 47.0 52.8 
31.5Hz  45.6 39.4 49.4 54.8 
40Hz  45.8 39.6 50.2 56.1 
50Hz  45.9 39.8 50.6 57.0 
63Hz  47.7 41.5 51.9 58.2 
80Hz  45.4 39.7 50.4 58.5 
100Hz  46.4 41.0 51.3 59.6 
125Hz  45.3 40.8 49.9 57.7 
160Hz  41.8 36.6 47.1 55.1 
200Hz  38.7 33.8 44.4 52.6 
250Hz  36.5 32.2 42.3 51.1 
315Hz  32.8 28.1 39.2 48.5 
400Hz  31.0 26.5 37.7 47.4 
500Hz  29.5 25.0 36.9 46.2 
630Hz  28.6 23.7 36.1 46.3 
800Hz  28.8 23.5 36.3 47.3 
1000Hz 27.6 22.4 35.5 46.1 
1250Hz 25.8 20.7 33.5 43.3 
1600Hz 23.1 17.9 30.5 39.9 
2000Hz 19.8 14.9 26.9 36.5 
2500Hz 16.1 11.6 23.8 33.8 
3150Hz 13.6 9.9 21.4 31.6 
4000Hz 11.8 8.8 19.1 29.9 
5000Hz 9.2 7.4 15.4 27.1 
6300Hz 7.7 7.0 11.4 23.0 
8000Hz 7.9 7.5 9.5 20.0 
10000Hz 8.4 8.2 8.9 16.1 
12500Hz 9.1 8.9 9.3 13.9 
16000Hz 9.1 8.9 9.2 10.8 
20000Hz 9.7 9.5 9.8 9.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Summer 2007 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  5.7 26.4 41.9 49.6 
15.8Hz  37.6 29.8 42.6 49.7 
20Hz  38.4 31.4 42.8 48.9 
25Hz  39.5 33.9 43.0 48.4 
31.5Hz  40.7 35.5 44.4 49.0 
40Hz  39.8 34.5 43.2 49.1 
50Hz  38.6 33.6 42.0 48.3 
63Hz  40.2 34.6 44.3 50.8 
80Hz  37.7 34.2 41.6 50.2 
100Hz  38.6 35.2 42.3 50.9 
125Hz  40.0 36.4 42.8 49.7 
160Hz  34.0 31.0 37.7 45.9 
200Hz  31.0 28.1 34.9 43.9 
250Hz  30.0 27.5 32.6 42.0 
315Hz  26.2 24.1 28.9 39.7 
400Hz  24.7 22.6 28.0 38.1 
500Hz  23.2 20.8 27.6 37.8 
630Hz  22.6 19.4 28.4 39.3 
800Hz  22.4 18.5 28.4 41.2 
1000Hz 20.7 17.2 27.8 41.3 
1250Hz 19.4 16.5 25.8 39.3 
1600Hz 16.6 14.1 22.7 36.5 
2000Hz 14.1 11.9 19.0 32.2 
2500Hz 11.2 8.9 15.0 28.6 
3150Hz 10.0 8.1 13.2 25.8 
4000Hz 11.3 8.6 15.4 24.0 
5000Hz 17.0 12.1 21.8 26.9 
6300Hz 10.1 7.7 15.4 22.8 
8000Hz 7.9 7.5 9.8 17.2 
10000Hz 8.4 8.1 8.7 10.7 
12500Hz 9.0 8.7 9.2 10.3 
16000Hz 8.9 8.7 9.0 9.4 
20000Hz 9.5 9.4 9.7 9.8 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Summer 2007 (200 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Winter 2010 (304 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 22.6 23.7 24.6 22.6 27.7 31.6 42.8 52.8 32.0 
01 23.7 24.6 25.4 23.7 27.0 31.3 42.4 53.1 31.6 
02 23.6 24.1 25.3 23.6 26.8 30.3 39.9 52.7 30.6 
03 23.6 24.4 25.5 23.6 27.1 30.6 43.5 52.3 31.3 
04 24.0 24.8 25.7 24.0 27.6 32.0 47.2 58.4 34.5 
05 24.3 25.0 26.5 24.3 30.2 41.6 55.3 68.5 43.5 
06 25.9 27.0 29.0 25.9 36.8 48.3 59.3 71.0 46.5 
07 29.2 32.1 36.4 29.2 41.8 51.1 58.2 64.8 47.2 
08 30.8 34.3 37.9 30.8 42.8 51.4 59.4 66.9 48.7 
09 29.0 30.8 34.3 29.0 40.5 50.3 59.9 69.5 48.5 
10 28.9 30.4 33.0 28.9 39.0 49.4 59.5 68.9 47.8 
11 27.8 29.5 32.0 27.8 38.3 48.4 59.1 69.4 47.1 
12 27.5 29.7 32.7 27.5 39.2 50.1 60.0 69.0 48.6 
13 28.0 29.8 33.5 28.0 39.7 49.4 59.1 69.1 47.4 
14 28.1 30.0 32.7 28.1 40.9 50.7 61.0 71.1 49.3 
15 27.4 29.3 31.8 27.4 38.2 50.3 60.3 69.1 48.1 
16 27.6 29.3 32.8 27.6 38.7 50.1 60.3 71.2 48.5 
17 29.8 32.3 35.2 29.8 40.6 50.5 58.7 66.8 47.7 
18 26.8 27.9 30.4 26.8 35.8 48.2 57.3 65.5 46.0 
19 25.7 26.6 28.6 25.7 33.2 45.6 56.2 64.1 44.0 
20 24.1 25.1 26.6 24.1 32.0 43.2 55.9 65.8 44.5 
21 23.6 24.9 26.7 23.6 30.5 41.5 52.8 65.4 41.8 
22 23.8 24.6 25.7 23.8 28.5 38.4 50.8 60.3 38.5 
23 23.0 24.2 25.4 23.0 27.5 33.7 46.3 54.5 33.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
20Hz  37.3 29.2 42.4 48.4 
25Hz  36.7 29.5 41.2 47.3 
31.5Hz  37.4 30.2 42.3 49.4 
40Hz  37.7 30.7 43.3 50.2 
50Hz  37.0 30.8 42.2 49.9 
63Hz  39.0 32.6 43.9 51.8 
80Hz  38.1 31.2 44.2 53.5 
100Hz  37.1 30.7 43.9 53.0 
125Hz  36.4 29.9 42.3 51.1 
160Hz  33.1 27.3 39.7 49.0 
200Hz  30.3 25.1 37.1 46.4 
250Hz  28.2 22.9 34.4 44.3 
315Hz  25.0 20.1 31.2 42.5 
400Hz  22.4 17.5 29.5 41.1 
500Hz  22.5 17.5 28.6 40.1 
630Hz  20.3 14.7 27.2 39.5 
800Hz  19.1 13.4 27.1 39.6 
1000Hz 17.6 11.8 26.1 39.4 
1250Hz 16.6 10.3 25.0 38.6 
1600Hz 14.9 8.8 24.0 37.2 
2000Hz 12.7 7.0 21.5 35.4 
2500Hz 13.0 6.3 21.5 33.2 
3150Hz 14.5 5.9 23.6 33.2 
4000Hz 11.9 5.0 20.9 31.2 
5000Hz 7.2 5.0 15.3 26.8 
6300Hz 6.4 5.6 9.3 21.9 
8000Hz 6.8 6.3 7.6 16.5 
10000Hz 7.3 6.9 7.7 13.4 
12500Hz 7.5 7.2 7.8 10.5 
16000Hz 7.0 6.7 7.2 8.2 
20000Hz 4.7 4.4 4.9 5.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
20Hz  34.0 26.2 39.5 45.5 
25Hz  32.6 25.9 37.5 43.6 
31.5Hz  33.1 25.8 38.0 44.2 
40Hz  33.9 27.1 38.3 44.4 
50Hz  32.3 26.0 36.8 43.3 
63Hz  34.4 27.3 39.1 44.7 
80Hz  31.9 25.7 36.6 44.2 
100Hz  29.9 24.8 35.1 43.7 
125Hz  31.1 25.8 35.2 42.8 
160Hz  27.8 23.6 31.5 39.9 
200Hz  25.4 21.5 28.9 38.4 
250Hz  24.1 20.3 27.3 36.3 
315Hz  21.5 17.7 24.9 33.7 
400Hz  18.9 15.2 22.1 31.6 
500Hz  18.8 15.2 22.6 31.7 
630Hz  16.3 12.5 21.1 32.3 
800Hz  14.7 10.5 20.8 33.5 
1000Hz 13.1 8.6 18.9 32.5 
1250Hz 12.3 7.8 18.0 31.2 
1600Hz 10.2 6.0 15.8 30.1 
2000Hz 7.7 4.6 12.8 27.5 
2500Hz 6.0 3.6 10.1 24.1 
3150Hz 5.1 3.7 7.6 21.3 
4000Hz 4.7 3.9 6.2 17.5 
5000Hz 5.1 4.5 5.7 14.6 
6300Hz 5.9 5.4 6.2 10.9 
8000Hz 6.6 6.2 6.9 9.2 
10000Hz 7.3 6.9 7.5 8.9 
12500Hz 7.5 7.2 7.7 8.4 
16000Hz 6.9 6.6 7.1 7.3 
20000Hz 4.6 4.3 4.8 5.1 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (Summer 
2007 GLCA006 and GLCA007) (cont.) 
 
GLCA007, Wahweap Marina, Winter 2010 (304 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA008, Rainbow Bridge, Summer 2010 (1045 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 20.8 22.7 26.1 31.4 35.7 39.5 42.6 48.3 37.7 
01 20.3 22.4 25.9 30.3 31.9 39.2 42.6 48.0 36.3 
02 20.7 22.2 26.1 32.8 33.8 39.7 42.0 46.5 36.0 
03 20.4 22.6 26.1 30.7 30.9 38.1 42.7 48.0 36.0 
04 21.0 23.2 27.6 32.3 32.4 39.6 41.3 47.6 35.8 
05 19.5 21.8 25.1 34.5 36.6 40.5 42.9 47.0 37.7 
06 14.6 15.6 16.9 22.2 23.1 27.9 38.5 44.0 31.2 
07 14.5 14.7 15.3 17.8 19.3 27.9 37.1 45.9 26.7 
08 14.5 14.8 15.4 16.6 19.4 30.3 48.6 56.7 36.0 
09 14.8 15.1 16.1 16.8 21.1 35.3 51.5 60.0 37.7 
10 15.7 16.4 18.0 18.5 23.3 38.5 51.1 58.0 38.2 
11 16.5 17.3 18.9 18.8 24.1 36.4 50.3 57.1 37.6 
12 16.7 17.6 18.9 19.3 23.4 37.4 51.5 58.8 38.7 
13 16.8 17.6 19.2 19.5 24.1 35.2 47.5 51.9 34.8 
14 16.5 17.2 18.8 19.1 22.8 35.2 47.0 55.6 34.4 
15 16.4 17.1 18.6 19.0 23.1 34.1 46.9 56.2 35.6 
16 16.2 16.7 18.2 19.0 22.8 35.6 48.9 57.4 36.2 
17 15.8 16.2 17.4 18.2 22.3 34.8 50.8 59.2 37.1 
18 15.4 15.6 16.5 17.5 22.1 33.6 46.6 56.3 36.1 
19 14.8 15.0 15.9 16.7 19.6 31.2 39.9 49.3 28.3 
20 14.7 14.9 15.4 16.7 19.7 34.6 41.3 49.8 31.3 
21 15.0 15.7 17.8 24.3 26.8 35.5 43.1 48.2 33.6 
22 19.9 22.4 26.1 31.6 33.4 39.6 47.1 50.4 38.1 
23 20.5 23.3 27.5 32.1 33.0 40.9 44.0 50.4 35.7 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Summer 2010  
SPL v. Frequency (daytime) (07:00:00 - 19:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  24.3 25.5 30.7 42.7 
15.8Hz  22.8 23.9 29.1 39.8 
20Hz  21.8 22.8 28.2 37.8 
25Hz  20.5 21.6 27.6 36.9 
31.5Hz  19.7 20.8 27.4 37.0 
40Hz  18.9 20.0 26.9 37.2 
50Hz  18.4 19.7 26.7 37.6 
63Hz  17.6 18.9 26.4 37.6 
80Hz  16.7 17.9 25.3 36.7 
100Hz  15.0 16.4 23.3 35.4 
125Hz  13.5 14.6 21.3 33.9 
160Hz  11.5 12.5 18.9 31.8 
200Hz  9.5 10.5 16.0 31.4 
250Hz  9.4 10.4 15.6 31.4 
315Hz  8.6 9.5 14.3 28.3 
400Hz  8.1 8.9 13.2 25.8 
500Hz  7.3 8.1 12.2 24.1 
630Hz  6.0 6.8 10.9 20.8 
800Hz  4.6 5.3 8.8 18.1 
1000Hz 3.6 4.1 7.1 16.4 
1250Hz 2.8 3.2 5.6 14.7 
1600Hz 2.5 2.7 4.8 12.5 
2000Hz 2.3 2.5 3.7 9.3 
2500Hz 2.7 2.8 3.6 8.1 
3150Hz 3.3 3.4 3.9 7.4 
4000Hz 4.0 4.1 4.6 9.5 
5000Hz 4.5 4.5 5.0 10.8 
6300Hz 4.8 4.9 5.1 8.4 
8000Hz 5.2 5.2 5.4 8.2 
10000Hz 5.4 5.4 5.7 7.9 
12500Hz 4.4 4.5 4.7 6.4 
16000Hz 1.1 1.2 1.4 3.1 
20000Hz -0.6 -0.6 -0.4 0.7 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Summer 2010 
SPL v. Frequency (nighttime) (20:00:00 - 06:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  20.8 24.9 25.7 35.6 
15.8Hz  18.7 22.9 23.9 33.5 
20Hz  17.2 21.2 22.2 32.3 
25Hz  15.6 19.6 20.7 31.9 
31.5Hz  14.3 18.5 19.7 31.2 
40Hz  12.8 17.3 18.8 30.7 
50Hz  11.2 16.0 17.9 30.3 
63Hz  9.8 14.5 16.4 29.1 
80Hz  8.8 13.6 15.3 28.2 
100Hz  7.4 11.9 13.4 26.2 
125Hz  6.1 10.1 11.7 24.3 
160Hz  4.3 7.9 9.3 21.5 
200Hz  3.2 6.9 7.8 18.9 
250Hz  3.1 7.1 8.1 19.1 
315Hz  2.3 6.2 7.0 17.6 
400Hz  1.5 5.4 6.3 15.8 
500Hz  1.3 4.4 5.1 14.3 
630Hz  0.7 3.5 4.1 12.1 
800Hz  0.4 2.9 3.5 10.6 
1000Hz 0.3 2.1 2.7 9.3 
1250Hz 0.4 1.6 2.1 7.7 
1600Hz 0.9 1.8 2.1 7.4 
2000Hz 1.4 2.0 2.1 6.5 
2500Hz 2.1 2.5 2.7 6.5 
3150Hz 3.0 3.4 3.5 5.5 
4000Hz 5.7 9.5 10.3 16.8 
5000Hz 16.8 24.1 25.4 32.5 
6300Hz 5.1 6.3 6.9 13.2 
8000Hz 5.2 5.5 5.7 7.9 
10000Hz 5.6 6.8 7.5 14.0 
12500Hz 4.4 4.9 5.1 9.6 
16000Hz 1.4 2.3 2.8 8.6 
20000Hz -0.6 -0.3 -0.2 3.5 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Summer 2010 (1045 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Winter 2010 (887 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 20.4 20.5 20.8 21.2 21.2 23.3 36.3 41.2 24.5 
01 20.3 20.5 20.7 20.9 21.1 23.4 35.1 41.3 24.7 
02 20.3 20.5 20.6 21.2 21.2 22.1 29.7 36.2 23.3 
03 20.2 20.4 20.7 20.9 20.9 21.8 26.5 34.3 21.9 
04 20.2 20.5 20.7 21.8 21.8 22.2 25.6 29.3 22.9 
05 20.4 20.6 21.2 21.6 21.6 22.1 23.1 26.0 21.9 
06 20.6 20.9 21.1 21.6 21.6 23.7 31.6 36.7 23.4 
07 20.6 20.9 21.1 21.5 21.6 25.7 37.1 42.9 26.0 
08 20.5 20.8 21.0 21.4 21.8 27.9 39.3 45.8 27.5 
09 20.3 20.6 20.9 21.5 21.7 29.2 40.4 47.5 28.6 
10 20.2 20.6 21.2 21.4 21.7 30.2 41.7 47.8 29.8 
11 20.2 20.4 20.8 21.1 22.8 33.7 41.6 47.8 30.6 
12 19.8 20.4 20.6 20.9 21.3 28.5 38.7 46.1 27.8 
13 19.9 20.1 20.6 20.7 22.1 32.0 41.6 48.7 29.5 
14 19.9 20.3 20.5 20.7 21.4 29.9 39.6 46.6 27.7 
15 19.8 20.0 20.3 20.7 21.1 29.6 40.5 48.0 29.0 
16 20.0 20.2 20.4 20.7 21.2 32.0 41.2 48.6 29.4 
17 20.5 20.6 20.7 20.8 21.4 33.1 41.7 49.5 30.5 
18 20.3 20.7 20.9 21.0 21.3 32.0 40.0 45.5 29.0 
19 20.2 20.4 20.8 21.0 21.2 30.0 38.6 45.3 27.3 
20 20.3 20.5 20.6 21.1 21.2 27.0 37.9 44.3 26.2 
21 20.3 20.5 20.7 20.9 20.9 25.2 37.4 42.7 25.2 
22 20.3 20.4 20.5 21.0 21.1 24.3 35.6 42.2 24.8 
23 20.4 20.5 20.7 20.9 21.0 23.2 36.1 41.2 25.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  24.3 26.8 29.7 38.7 
15.8Hz  23.4 26.0 28.5 36.7 
20Hz  22.4 24.8 27.8 35.6 
25Hz  20.7 23.2 26.7 35.5 
31.5Hz  19.0 21.5 25.5 36.0 
40Hz  17.2 19.9 24.6 36.2 
50Hz  15.2 18.2 23.3 36.3 
63Hz  13.3 16.7 22.1 35.7 
80Hz  12.4 15.5 21.1 35.1 
100Hz  10.8 13.8 18.9 33.6 
125Hz  9.5 12.3 17.0 32.4 
160Hz  8.2 10.5 14.9 30.7 
200Hz  7.6 9.2 12.5 29.1 
250Hz  7.9 9.1 11.8 28.8 
315Hz  8.5 9.5 11.4 25.7 
400Hz  10.1 10.7 11.7 23.7 
500Hz  11.3 12.0 12.9 21.3 
630Hz  11.3 11.7 12.6 17.8 
800Hz  11.7 12.1 12.7 15.7 
1000Hz 12.0 12.4 12.7 14.5 
1250Hz 11.5 11.8 12.1 13.5 
1600Hz 10.0 10.2 10.6 11.6 
2000Hz 7.7 8.0 8.3 9.3 
2500Hz 5.5 5.7 6.0 6.9 
3150Hz 3.8 4.0 4.2 4.9 
4000Hz 3.6 3.7 3.9 4.3 
5000Hz 4.0 4.1 4.2 4.5 
6300Hz 4.4 4.5 4.6 4.8 
8000Hz 4.7 4.8 4.9 5.1 
10000Hz 4.8 4.9 4.9 5.2 
12500Hz 3.8 3.9 4.0 4.3 
16000Hz 1.4 1.5 1.6 1.9 
20000Hz -0.8 -0.7 -0.6 -0.4 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  20.4 23.5 24.9 31.6 
15.8Hz  19.8 22.9 24.1 31.4 
20Hz  18.4 21.3 22.7 31.4 
25Hz  16.5 19.4 21.5 32.0 
31.5Hz  14.6 17.8 20.3 32.3 
40Hz  13.2 16.2 19.1 32.3 
50Hz  10.6 13.5 17.1 32.0 
63Hz  7.7 11.2 15.1 30.9 
80Hz  6.6 10.0 13.8 30.1 
100Hz  6.2 8.6 11.9 28.0 
125Hz  5.2 7.3 10.0 26.0 
160Hz  5.6 7.0 8.5 23.9 
200Hz  5.7 7.2 8.0 21.2 
250Hz  6.3 7.4 8.1 20.3 
315Hz  7.6 8.4 8.9 18.4 
400Hz  9.7 10.4 10.7 16.7 
500Hz  11.1 11.9 12.1 15.6 
630Hz  11.2 11.8 12.0 14.2 
800Hz  11.7 12.5 12.6 13.8 
1000Hz 12.3 12.8 12.9 13.9 
1250Hz 11.8 12.2 12.4 13.2 
1600Hz 10.4 10.8 11.0 11.7 
2000Hz 8.4 8.7 8.9 9.4 
2500Hz 5.9 6.3 6.4 7.1 
3150Hz 3.9 4.3 4.4 4.8 
4000Hz 3.5 3.7 3.8 4.1 
5000Hz 3.9 4.0 4.1 4.3 
6300Hz 4.3 4.5 4.5 4.7 
8000Hz 4.7 4.8 4.8 5.0 
10000Hz 4.7 4.8 4.8 4.9 
12500Hz 3.5 3.6 3.7 3.8 
16000Hz 1.2 1.2 1.3 1.4 
20000Hz -0.9 -0.9 -0.9 -0.8 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GCLA008, Rainbow Bridge, Winter 2010 (887 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Summer 2010 (771 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 18.5 20.1 24.6 27.1 29.1 33.6 39.5 45.6 31.0 
01 18.7 19.7 20.7 24.2 26.9 34.2 40.9 46.2 31.8 
02 18.6 19.8 21.4 24.3 24.8 29.8 37.1 44.0 28.3 
03 20.0 22.0 23.3 25.4 25.9 29.8 34.2 43.8 28.1 
04 20.7 22.3 24.3 26.4 26.8 28.9 32.5 41.4 27.8 
05 16.3 16.8 17.4 20.7 22.5 27.1 35.9 47.0 26.0 
06 15.1 15.3 16.0 16.4 17.6 27.7 46.6 53.6 32.4 
07 14.9 15.0 15.4 15.5 20.0 32.9 50.8 57.5 36.3 
08 15.7 16.1 18.2 17.1 26.6 39.8 53.0 59.7 39.6 
09 18.0 19.4 23.1 20.5 30.8 44.5 56.5 61.9 43.4 
10 21.2 22.8 26.7 24.6 35.3 49.3 58.3 63.9 46.5 
11 23.1 24.9 28.0 26.5 36.3 50.4 58.3 62.9 47.2 
12 22.0 23.5 27.6 26.0 36.8 49.9 57.7 63.0 46.5 
13 22.7 24.7 28.9 26.1 36.4 49.6 57.4 63.2 46.0 
14 22.5 24.2 28.2 26.7 36.6 49.6 57.5 62.7 45.8 
15 23.6 25.6 29.1 26.2 37.1 50.6 58.1 63.4 47.5 
16 23.2 24.7 28.1 26.8 37.6 50.2 56.6 62.5 45.9 
17 21.2 23.1 27.1 26.5 34.2 48.9 57.9 65.5 45.5 
18 21.4 22.8 25.3 23.8 32.3 47.6 56.4 63.5 44.9 
19 20.2 21.5 24.2 23.3 30.5 44.8 55.5 61.1 42.8 
20 18.5 19.7 23.2 21.9 29.1 43.1 54.1 59.8 41.4 
21 18.0 19.3 21.3 21.3 27.9 38.2 50.5 57.2 38.2 
22 19.1 21.4 22.9 23.0 27.6 35.9 44.1 51.9 35.0 
23 18.9 19.8 21.4 22.5 26.3 34.0 41.3 47.8 31.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  30.2 27.7 40.6 54.3 
15.8Hz  29.2 26.7 38.4 50.9 
20Hz  28.1 25.4 37.6 48.3 
25Hz  28.5 25.7 37.3 46.9 
31.5Hz  28.5 25.8 37.3 46.7 
40Hz  28.5 25.2 37.3 45.9 
50Hz  27.7 24.5 37.2 47.0 
63Hz  27.8 25.0 37.2 46.8 
80Hz  26.9 23.6 37.1 48.2 
100Hz  27.2 23.7 37.3 49.8 
125Hz  26.2 22.9 37.3 51.3 
160Hz  24.6 21.4 35.6 51.1 
200Hz  22.4 19.2 33.5 48.3 
250Hz  21.4 18.7 31.6 46.6 
315Hz  20.5 17.7 30.1 44.4 
400Hz  19.4 17.1 28.4 42.1 
500Hz  17.9 15.7 26.4 39.0 
630Hz  17.2 15.2 24.8 36.6 
800Hz  16.0 14.4 23.5 34.9 
1000Hz 14.7 13.2 22.5 33.8 
1250Hz 13.6 11.9 21.1 33.0 
1600Hz 11.4 9.8 19.2 30.9 
2000Hz 9.1 7.5 16.4 28.7 
2500Hz 6.7 5.6 13.2 26.0 
3150Hz 5.3 4.6 10.3 22.5 
4000Hz 4.8 4.5 7.7 18.2 
5000Hz 4.9 4.7 6.4 14.2 
6300Hz 5.1 5.0 5.9 11.4 
8000Hz 5.4 5.3 5.8 9.8 
10000Hz 5.5 5.4 5.8 8.5 
12500Hz 4.7 4.6 5.1 7.3 
16000Hz 1.8 1.7 2.2 4.6 
20000Hz -0.4 -0.5 -0.1 2.0 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  24.4 26.6 34.6 47.2 
15.8Hz  22.7 24.5 32.5 44.2 
20Hz  19.7 21.6 30.5 41.3 
25Hz  18.5 21.1 29.7 40.0 
31.5Hz  19.5 21.6 28.1 38.8 
40Hz  14.3 17.6 25.1 37.6 
50Hz  12.5 15.7 23.3 36.8 
63Hz  15.2 17.4 23.4 36.1 
80Hz  10.2 12.5 19.7 35.2 
100Hz  10.2 12.2 18.6 34.0 
125Hz  10.6 12.4 17.6 32.5 
160Hz  7.8 9.6 14.4 30.1 
200Hz  6.5 8.1 12.2 27.5 
250Hz  5.6 8.0 11.9 26.8 
315Hz  4.4 6.3 9.6 24.3 
400Hz  3.8 5.6 8.6 22.1 
500Hz  2.8 3.5 7.1 19.2 
630Hz  2.9 4.1 6.6 16.4 
800Hz  2.6 4.0 6.4 14.5 
1000Hz 1.8 2.9 5.2 12.5 
1250Hz 2.1 2.9 4.7 11.1 
1600Hz 1.8 2.3 3.9 9.9 
2000Hz 2.0 2.3 3.4 7.8 
2500Hz 2.5 2.7 3.4 7.0 
3150Hz 3.5 3.7 4.4 7.5 
4000Hz 6.1 6.7 8.8 15.1 
5000Hz 8.9 10.5 13.1 18.7 
6300Hz 5.0 5.0 5.3 6.6 
8000Hz 5.3 5.3 5.5 6.5 
10000Hz 5.4 5.4 5.7 7.3 
12500Hz 4.4 4.5 4.7 6.2 
16000Hz 1.6 1.7 1.9 3.7 
20000Hz -0.6 -0.5 -0.4 1.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Summer 2010 (771 hours) 
 

 
 

 
 
Insects at night at about 5,000 Hz. 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Winter 2010 (595 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 13.9 13.9 14.0 14.0 14.1 18.3 34.3 40.8 21.1 
01 13.9 13.9 14.0 14.0 14.1 21.9 36.3 42.1 22.5 
02 13.8 13.9 14.0 14.0 14.0 16.4 34.6 42.2 21.3 
03 13.8 13.9 13.9 14.0 14.0 14.3 22.8 28.8 15.4 
04 13.8 13.9 13.9 14.1 14.1 14.5 18.5 32.0 15.6 
05 13.8 13.9 14.0 14.0 14.0 14.3 26.4 32.5 15.9 
06 13.9 13.9 14.0 14.1 14.1 15.6 28.8 43.2 21.2 
07 13.9 13.9 14.0 14.2 14.3 21.2 35.1 45.2 22.6 
08 13.9 13.9 14.1 14.1 18.7 32.3 41.7 48.2 29.7 
09 13.9 14.0 14.2 14.3 18.6 32.3 40.7 48.2 29.0 
10 14.2 14.3 14.6 14.8 20.0 33.3 43.4 51.3 31.5 
11 14.1 14.2 14.4 14.5 20.4 33.1 43.4 49.7 31.3 
12 14.2 14.3 14.7 15.4 18.7 32.5 43.0 48.5 29.7 
13 14.4 14.5 15.0 15.4 21.7 34.1 44.4 50.7 31.6 
14 14.4 14.5 14.8 15.1 20.0 33.8 42.8 50.6 30.8 
15 14.1 14.2 14.4 14.8 17.4 32.4 43.1 50.7 30.5 
16 14.1 14.1 14.3 14.3 19.6 33.9 43.4 51.1 30.8 
17 14.0 14.1 14.2 14.3 19.2 32.6 41.2 47.4 29.5 
18 14.0 14.0 14.2 14.3 19.1 32.7 43.5 50.4 30.8 
19 13.9 14.0 14.1 14.2 17.2 32.9 43.1 48.0 30.0 
20 14.0 14.0 14.1 14.2 15.9 30.5 40.9 46.3 29.1 
21 13.9 14.0 14.1 14.2 14.8 28.5 39.8 45.6 27.2 
22 13.9 14.0 14.0 14.1 15.0 32.1 43.0 49.4 29.5 
23 13.9 13.9 14.0 14.1 14.2 23.3 34.9 40.4 21.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  25.9 27.4 33.6 44.4 
15.8Hz  25.4 26.6 32.3 41.5 
20Hz  24.7 26.1 31.7 40.4 
25Hz  22.5 23.9 31.7 40.1 
31.5Hz  20.9 22.7 31.5 40.2 
40Hz  18.4 20.7 30.8 40.3 
50Hz  15.8 18.4 30.4 40.4 
63Hz  13.4 15.5 29.2 40.1 
80Hz  11.1 13.3 28.4 39.5 
100Hz  9.1 11.2 26.9 38.5 
125Hz  6.3 8.2 23.9 36.7 
160Hz  4.1 6.1 20.9 34.8 
200Hz  2.6 4.2 16.7 33.9 
250Hz  1.1 2.2 12.8 33.3 
315Hz  -0.3 0.3 9.7 31.4 
400Hz  -1.1 -0.6 6.4 27.9 
500Hz  -1.4 -1.0 3.5 23.1 
630Hz  -1.6 -1.4 1.5 17.1 
800Hz  -1.6 -1.4 0.3 11.1 
1000Hz -1.2 -1.1 -0.3 6.1 
1250Hz -0.8 -0.7 -0.1 3.0 
1600Hz -0.2 -0.1 0.3 2.0 
2000Hz 0.5 0.7 1.0 1.8 
2500Hz 1.4 1.5 1.7 2.3 
3150Hz 2.3 2.4 2.6 3.0 
4000Hz 3.2 3.3 3.5 3.8 
5000Hz 4.1 4.2 4.3 4.6 
6300Hz 4.9 4.9 5.1 5.3 
8000Hz 5.5 5.5 5.6 5.8 
10000Hz 5.6 5.6 5.7 5.9 
12500Hz 4.7 4.7 4.8 5.1 
16000Hz 2.7 2.7 2.8 3.1 
20000Hz 0.2 0.3 0.4 0.7 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  19.9 23.6 26.1 36.1 
15.8Hz  19.8 22.8 25.1 35.2 
20Hz  18.6 21.5 23.9 35.1 
25Hz  15.6 18.9 22.1 35.1 
31.5Hz  14.1 17.1 20.3 35.0 
40Hz  11.3 14.3 18.3 34.5 
50Hz  8.4 11.4 15.9 34.4 
63Hz  5.5 7.8 12.9 33.5 
80Hz  3.7 5.8 10.6 33.2 
100Hz  2.5 4.8 9.4 32.1 
125Hz  0.7 2.2 6.6 29.8 
160Hz  -0.3 1.0 5.5 26.9 
200Hz  -1.2 -0.2 3.4 24.0 
250Hz  -1.8 -1.1 1.2 21.1 
315Hz  -2.3 -1.7 -0.4 17.6 
400Hz  -2.6 -2.0 -1.3 14.9 
500Hz  -2.6 -2.2 -1.6 10.8 
630Hz  -2.5 -2.1 -1.8 6.1 
800Hz  -2.2 -1.9 -1.6 1.6 
1000Hz -1.8 -1.4 -1.2 0.6 
1250Hz -1.2 -1.0 -0.8 0.1 
1600Hz -0.6 -0.4 -0.2 0.3 
2000Hz 0.2 0.4 0.5 0.9 
2500Hz 1.1 1.2 1.3 1.7 
3150Hz 2.0 2.2 2.3 2.5 
4000Hz 3.0 3.2 3.3 3.5 
5000Hz 4.0 4.1 4.2 4.3 
6300Hz 4.8 4.9 5.0 5.1 
8000Hz 5.4 5.5 5.6 5.7 
10000Hz 5.5 5.6 5.6 5.7 
12500Hz 4.5 4.6 4.7 4.8 
16000Hz 2.5 2.6 2.6 2.7 
20000Hz 0.1 0.2 0.2 0.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Winter 2010 (595 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Summer 2010 (739 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 15.4 16.2 17.5 20.3 22.4 30.1 35.5 40.5 27.2 
01 15.2 15.9 17.1 19.5 20.4 30.3 36.2 41.6 26.2 
02 14.8 15.1 16.2 19.9 20.8 24.6 34.1 41.1 24.8 
03 14.5 15.1 16.2 17.6 17.8 21.3 29.1 34.0 21.0 
04 14.3 14.9 15.3 16.2 16.4 19.7 24.8 32.8 18.5 
05 14.0 14.1 14.4 16.1 17.2 23.2 30.4 37.2 21.8 
06 13.9 14.0 14.1 14.2 14.4 17.0 24.7 39.5 17.1 
07 14.2 14.3 14.6 14.7 15.9 22.5 31.5 40.4 20.9 
08 15.0 15.6 16.4 16.1 19.4 30.2 39.3 45.7 28.2 
09 15.1 15.5 16.6 16.4 20.9 31.0 39.7 49.4 29.7 
10 15.4 15.7 16.6 16.5 21.7 32.0 39.5 49.3 29.3 
11 15.7 16.2 17.4 17.8 21.8 32.7 41.4 49.0 29.9 
12 15.7 16.0 17.2 18.6 22.4 32.6 43.0 52.3 32.4 
13 15.6 16.0 17.4 19.4 23.6 33.3 41.6 51.1 30.7 
14 15.7 16.1 18.0 21.2 25.2 35.4 43.1 53.1 31.7 
15 15.5 15.8 17.2 20.5 24.6 34.8 42.7 54.3 32.3 
16 15.2 15.6 17.0 20.6 23.6 33.3 44.0 51.7 33.1 
17 15.4 15.9 17.6 22.2 25.4 36.5 44.5 53.8 33.7 
18 15.2 15.4 17.1 20.9 24.9 34.8 41.4 49.7 31.2 
19 15.0 15.6 17.2 21.5 24.1 33.5 42.2 51.6 30.9 
20 14.5 14.8 15.4 17.3 19.9 32.0 40.9 49.3 29.1 
21 14.5 14.8 15.8 19.6 22.5 31.2 40.0 51.2 29.9 
22 15.7 17.2 20.3 23.0 25.4 31.6 39.9 45.7 29.6 
23 15.5 17.3 20.4 22.5 23.7 31.3 38.7 46.1 28.7 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  34.3 41.0 50.4 63.2 
15.8Hz  32.7 38.1 46.5 60.7 
20Hz  31.2 35.5 42.9 57.4 
25Hz  29.2 33.4 39.9 53.6 
31.5Hz  28.4 32.1 37.6 50.1 
40Hz  27.0 30.7 35.7 46.6 
50Hz  26.4 29.4 34.2 43.6 
63Hz  25.5 28.4 32.9 41.1 
80Hz  23.5 26.0 30.4 38.7 
100Hz  20.7 23.0 27.5 36.0 
125Hz  17.8 20.6 25.6 35.6 
160Hz  15.4 17.3 23.0 36.0 
200Hz  11.6 14.4 20.3 34.7 
250Hz  7.8 11.0 18.6 31.5 
315Hz  5.7 8.5 15.5 29.8 
400Hz  3.4 5.4 11.2 27.4 
500Hz  2.8 4.3 8.2 23.1 
630Hz  2.6 3.8 7.0 18.6 
800Hz  2.0 2.7 4.4 14.0 
1000Hz 1.9 2.5 3.9 10.3 
1250Hz 1.7 2.2 3.1 7.8 
1600Hz 1.8 2.2 2.9 6.6 
2000Hz 2.2 2.4 2.9 5.4 
2500Hz 2.6 2.8 3.1 5.1 
3150Hz 3.2 3.4 3.6 5.2 
4000Hz 3.8 4.0 4.2 5.5 
5000Hz 4.3 4.4 4.6 5.7 
6300Hz 4.6 4.7 4.9 5.9 
8000Hz 4.9 5.0 5.1 6.0 
10000Hz 5.1 5.3 5.4 6.4 
12500Hz 4.5 4.6 4.8 6.0 
16000Hz 2.4 2.4 2.8 4.5 
20000Hz -0.1 0.1 0.7 3.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  26.4 31.4 34.2 45.2 
15.8Hz  24.7 29.2 32.5 42.0 
20Hz  22.8 27.0 30.6 38.9 
25Hz  19.7 23.9 27.7 36.4 
31.5Hz  18.4 22.0 26.1 35.3 
40Hz  16.4 20.4 25.0 34.8 
50Hz  15.5 19.2 23.9 34.1 
63Hz  14.7 18.6 22.9 33.1 
80Hz  11.8 16.0 20.5 30.4 
100Hz  8.5 12.4 16.8 27.4 
125Hz  6.7 10.1 13.9 27.3 
160Hz  3.2 5.7 10.0 26.0 
200Hz  0.7 2.1 5.8 24.1 
250Hz  -0.5 0.5 2.4 22.0 
315Hz  -1.1 -0.4 0.9 19.2 
400Hz  -1.5 -0.9 -0.1 14.4 
500Hz  -1.5 -1.1 -0.5 9.8 
630Hz  -1.5 -1.2 -0.7 4.9 
800Hz  -1.3 -1.0 -0.7 1.7 
1000Hz -0.9 -0.7 -0.4 0.7 
1250Hz -0.4 -0.1 0.1 0.7 
1600Hz 0.3 0.5 0.7 1.1 
2000Hz 1.1 1.2 1.4 1.8 
2500Hz 1.9 2.0 2.2 2.6 
3150Hz 2.9 3.1 3.2 4.8 
4000Hz 5.2 7.8 9.0 15.2 
5000Hz 4.3 4.8 5.3 9.3 
6300Hz 4.5 4.6 4.7 5.1 
8000Hz 4.8 4.9 5.0 5.6 
10000Hz 4.9 5.0 5.1 5.4 
12500Hz 4.1 4.2 4.3 4.8 
16000Hz 1.9 2.0 2.1 2.4 
20000Hz -0.5 -0.4 -0.4 0.0 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Summer 2010 (739 hours) 
 

 
 

 
 
Insects at night at about 5,000 Hz. 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Winter 2010 (991 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 14.0 14.1 14.1 14.2 14.4 19.3 33.3 38.8 20.3 
01 14.0 14.0 14.1 14.2 14.4 21.2 33.0 40.2 20.8 
02 14.0 14.0 14.1 14.2 14.2 15.3 24.9 31.5 15.8 
03 14.0 14.0 14.1 14.1 14.2 14.7 18.3 23.5 14.5 
04 14.0 14.0 14.1 14.1 14.2 14.6 18.6 23.1 14.7 
05 14.0 14.0 14.1 14.2 14.5 15.8 23.5 28.0 15.8 
06 14.0 14.1 14.2 14.4 14.7 16.5 26.7 35.4 17.4 
07 14.2 14.2 14.4 14.4 15.2 20.3 32.5 39.1 20.3 
08 14.5 14.7 15.2 15.1 18.0 29.9 37.3 44.8 26.1 
09 14.8 15.0 15.8 15.5 19.0 31.8 40.9 48.0 28.8 
10 14.8 15.0 16.0 15.6 19.8 31.5 40.4 47.6 28.9 
11 14.7 15.0 15.8 16.2 19.6 31.2 40.3 48.9 29.0 
12 14.6 14.9 15.6 16.1 19.9 31.2 41.0 48.5 29.4 
13 14.8 15.1 15.8 16.2 21.3 32.8 42.4 50.7 30.6 
14 14.8 15.0 15.6 15.9 20.6 32.2 40.9 49.2 29.7 
15 14.6 14.8 15.5 15.8 19.7 31.6 42.0 49.7 29.8 
16 14.5 14.6 15.1 15.5 19.3 32.9 42.6 50.7 30.5 
17 14.4 14.5 14.8 15.4 17.7 32.0 40.7 48.3 28.8 
18 14.3 14.4 14.6 14.8 16.7 30.8 41.0 45.7 29.3 
19 14.2 14.3 14.5 14.7 17.5 32.4 40.8 46.1 29.3 
20 14.1 14.2 14.3 14.5 16.5 30.7 40.1 46.4 27.8 
21 14.1 14.2 14.3 14.6 15.3 28.9 38.8 44.5 26.5 
22 14.1 14.1 14.3 14.5 15.5 29.1 38.6 44.0 26.6 
23 14.0 14.1 14.2 14.3 14.8 22.7 36.3 42.7 23.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  33.1 33.7 42.4 53.9 
15.8Hz  32.9 33.4 40.3 50.7 
20Hz  32.3 32.7 38.8 47.7 
25Hz  30.4 30.9 36.8 45.1 
31.5Hz  28.9 29.4 35.6 42.8 
40Hz  27.2 27.8 34.2 41.3 
50Hz  25.8 26.3 32.9 40.0 
63Hz  24.4 25.0 31.7 38.9 
80Hz  22.0 22.6 29.8 37.0 
100Hz  18.2 18.7 26.0 33.4 
125Hz  15.1 15.7 23.2 32.7 
160Hz  12.6 12.9 20.8 34.6 
200Hz  8.7 9.0 17.3 34.2 
250Hz  4.7 5.0 14.2 32.0 
315Hz  2.5 3.0 11.3 27.9 
400Hz  0.9 1.1 7.5 25.8 
500Hz  0.2 0.4 4.5 20.6 
630Hz  -0.8 -0.8 1.2 15.3 
800Hz  -1.3 -1.2 -0.4 9.2 
1000Hz -1.2 -1.1 -0.6 4.5 
1250Hz -0.7 -0.6 -0.2 1.4 
1600Hz 0.0 0.0 0.4 0.9 
2000Hz 0.8 0.8 1.1 1.5 
2500Hz 1.6 1.6 1.9 2.3 
3150Hz 2.5 2.5 2.8 3.1 
4000Hz 3.4 3.4 3.6 3.9 
5000Hz 4.1 4.1 4.3 4.5 
6300Hz 4.6 4.6 4.8 5.0 
8000Hz 5.1 5.1 5.2 5.4 
10000Hz 5.4 5.4 5.5 5.7 
12500Hz 5.1 5.1 5.2 5.4 
16000Hz 3.2 3.2 3.4 3.6 
20000Hz 0.5 0.5 0.7 1.5 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  27.9 30.3 33.2 41.1 
15.8Hz  28.3 30.4 33.1 39.5 
20Hz  27.5 29.7 32.2 38.2 
25Hz  24.9 27.1 29.9 36.5 
31.5Hz  23.0 25.1 28.5 35.9 
40Hz  20.3 22.8 26.8 35.5 
50Hz  17.8 20.5 25.4 35.1 
63Hz  15.4 18.6 23.9 34.3 
80Hz  12.4 15.6 21.5 32.0 
100Hz  8.6 11.7 17.5 28.2 
125Hz  5.9 8.7 14.5 26.6 
160Hz  2.8 5.4 10.1 26.1 
200Hz  0.5 2.2 6.1 24.1 
250Hz  -0.8 0.2 3.3 23.4 
315Hz  -1.7 -1.0 0.7 18.8 
400Hz  -2.1 -1.5 -0.5 14.8 
500Hz  -2.3 -1.8 -1.2 8.9 
630Hz  -2.3 -2.0 -1.6 4.1 
800Hz  -2.1 -1.8 -1.5 0.5 
1000Hz -1.6 -1.4 -1.2 -0.5 
1250Hz -1.0 -0.8 -0.7 -0.2 
1600Hz -0.3 -0.1 0.0 0.4 
2000Hz 0.5 0.7 0.8 1.1 
2500Hz 1.4 1.5 1.6 1.9 
3150Hz 2.3 2.4 2.5 2.8 
4000Hz 3.2 3.3 3.4 3.6 
5000Hz 4.0 4.1 4.1 4.3 
6300Hz 4.6 4.7 4.7 4.9 
8000Hz 5.1 5.2 5.2 5.4 
10000Hz 5.3 5.4 5.4 5.6 
12500Hz 4.9 4.9 5.0 5.1 
16000Hz 2.9 3.0 3.0 3.2 
20000Hz 0.2 0.3 0.4 0.5 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA010, Warm Creek Road, Winter 2010 (991 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Summer 2010 (866 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 18.7 21.9 24.9 28.9 29.5 32.1 37.2 42.1 31.4 
01 18.6 21.6 23.8 27.3 27.8 33.1 37.4 42.5 31.2 
02 18.1 20.3 22.3 25.9 26.0 31.3 36.9 40.8 28.9 
03 18.7 20.5 22.3 25.0 25.1 32.9 35.6 39.1 29.3 
04 19.0 21.6 22.9 28.3 28.4 31.7 37.8 44.8 29.4 
05 14.7 14.9 16.2 27.0 27.1 32.4 37.1 43.3 30.6 
06 14.5 14.5 14.6 14.9 14.9 17.6 28.2 43.8 20.0 
07 14.6 14.7 14.9 15.2 15.3 19.3 31.5 45.3 23.0 
08 14.8 14.9 15.0 15.5 15.8 24.6 38.6 46.0 26.3 
09 15.0 15.1 15.4 16.6 17.8 28.5 41.7 49.6 28.5 
10 15.3 15.6 16.4 21.2 23.4 34.9 44.0 50.7 33.3 
11 15.5 15.8 17.4 21.0 22.4 34.0 44.5 52.1 36.2 
12 15.7 16.4 19.0 25.5 27.1 35.6 43.4 53.0 38.7 
13 16.0 16.8 20.3 28.2 30.2 37.5 46.7 51.3 36.9 
14 15.8 16.8 19.9 29.3 30.6 38.9 47.1 51.5 36.2 
15 15.7 15.9 17.2 22.9 25.1 36.0 44.9 50.7 34.5 
16 15.8 15.9 17.3 21.4 22.6 34.6 44.1 52.2 32.1 
17 15.5 15.8 16.5 19.4 20.8 33.6 43.7 52.0 32.2 
18 15.0 15.1 15.6 17.2 18.6 29.6 42.5 50.1 29.7 
19 14.9 15.0 15.3 16.6 17.2 26.2 35.7 43.4 24.1 
20 14.8 15.0 15.2 15.7 16.3 25.9 37.1 45.4 26.7 
21 15.0 15.1 16.7 22.8 26.8 34.3 42.4 48.1 32.3 
22 20.9 23.2 25.1 28.3 29.5 35.7 39.5 44.2 32.5 
23 19.8 23.2 25.8 28.8 30.2 34.4 39.4 46.4 32.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  33.2 41.0 43.8 58.4 
15.8Hz  30.3 38.2 40.9 55.4 
20Hz  28.7 35.6 38.3 52.4 
25Hz  26.7 33.5 35.5 49.2 
31.5Hz  24.7 31.1 33.1 46.3 
40Hz  22.4 28.8 30.8 43.7 
50Hz  19.4 25.9 28.1 41.1 
63Hz  15.7 22.6 25.1 38.5 
80Hz  13.4 19.9 22.2 35.9 
100Hz  12.5 18.8 20.7 34.1 
125Hz  10.2 16.2 17.9 32.0 
160Hz  8.0 13.6 15.3 29.6 
200Hz  6.7 12.3 13.9 28.8 
250Hz  6.0 11.0 12.9 29.1 
315Hz  5.6 10.2 11.9 26.4 
400Hz  4.7 8.9 10.3 23.0 
500Hz  4.1 8.0 9.1 20.1 
630Hz  3.4 6.6 7.8 17.3 
800Hz  2.4 5.1 6.1 14.7 
1000Hz 1.8 3.9 4.7 12.3 
1250Hz 1.6 3.0 3.6 10.5 
1600Hz 1.6 2.6 3.0 8.9 
2000Hz 2.0 2.8 3.0 8.2 
2500Hz 2.6 3.2 3.4 7.7 
3150Hz 3.3 3.8 4.0 7.6 
4000Hz 4.1 4.5 4.7 7.7 
5000Hz 4.8 5.2 5.4 8.2 
6300Hz 5.5 5.8 6.0 9.1 
8000Hz 6.0 6.4 6.6 10.1 
10000Hz 6.2 6.7 6.9 10.9 
12500Hz 5.6 6.5 7.1 11.7 
16000Hz 3.6 5.0 5.7 11.9 
20000Hz 0.9 2.4 3.0 7.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  27.1 31.5 32.1 43.2 
15.8Hz  22.9 27.3 28.2 40.1 
20Hz  21.1 25.3 26.1 37.4 
25Hz  18.4 22.6 23.5 34.9 
31.5Hz  15.9 19.8 21.0 33.2 
40Hz  12.2 16.7 18.0 32.0 
50Hz  9.3 13.8 14.8 30.2 
63Hz  7.0 10.6 11.7 27.4 
80Hz  5.4 8.5 9.5 24.8 
100Hz  4.7 7.5 8.6 22.8 
125Hz  3.3 5.6 6.5 20.1 
160Hz  2.1 3.9 4.4 16.6 
200Hz  1.4 2.9 3.3 15.8 
250Hz  0.8 2.2 2.5 13.8 
315Hz  0.1 1.4 1.7 10.1 
400Hz  -0.3 0.9 1.0 7.0 
500Hz  -0.6 0.3 0.5 4.8 
630Hz  -0.9 -0.1 0.1 2.9 
800Hz - 0.9 -0.1 0.0 1.9 
1000Hz -0.7 -0.1 0.0 1.3 
1250Hz -0.2 0.2 0.3 1.2 
1600Hz 0.3 0.7 0.7 1.6 
2000Hz 1.1 1.4 1.4 2.4 
2500Hz 1.9 2.2 2.3 3.2 
3150Hz 2.9 3.2 3.2 4.3 
4000Hz 7.1 12.2 12.7 16.6 
5000Hz 8.5 18.5 19.7 24.5 
6300Hz 5.3 5.5 5.5 6.5 
8000Hz 5.9 6.1 6.1 7.2 
10000Hz 6.1 6.4 6.5 8.0 
12500Hz 5.2 5.4 5.5 6.5 
16000Hz 3.1 3.3 3.3 4.4 
20000Hz 0.4 0.6 0.6 1.4 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Summer 2010 (866 hours) 

 

 
 
Insects at night at about 5,000 Hz. 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Winter 2010 (1004 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 13.8 13.9 13.9 14.1 14.1 15.0 29.8 36.5 18.0 
01 13.8 13.9 13.9 14.0 14.1 15.6 29.7 36.1 17.7 
02 13.8 13.8 13.9 14.0 14.0 14.8 25.5 32.7 16.1 
03 13.7 13.8 13.9 14.0 14.0 14.3 19.5 27.1 14.8 
04 13.8 13.8 13.9 14.0 14.0 15.4 27.3 32.6 16.4 
05 13.7 13.8 13.9 14.0 14.0 14.7 22.8 32.6 15.6 
06 13.7 13.8 13.9 14.0 14.0 15.2 26.5 34.5 16.5 
07 13.9 13.9 14.0 14.3 14.3 18.4 30.4 38.9 19.4 
08 13.9 14.0 14.1 14.4 14.4 21.4 37.7 43.8 24.3 
09 14.0 14.1 14.2 14.4 14.7 23.7 38.7 44.6 26.8 
10 14.1 14.2 14.2 14.6 15.0 24.3 39.5 46.9 25.3 
11 14.1 14.2 14.3 14.8 15.6 26.0 39.2 47.0 25.9 
12 14.2 14.3 14.5 15.5 16.2 26.8 37.3 43.3 25.6 
13 14.2 14.3 14.6 15.6 17.1 27.6 38.9 47.4 26.7 
14 14.2 14.3 14.5 15.6 16.6 27.5 40.8 48.2 28.8 
15 14.1 14.2 14.4 15.3 16.3 29.6 40.3 49.2 27.8 
16 14.0 14.1 14.3 15.0 15.5 24.7 39.0 47.1 26.1 
17 14.0 14.1 14.2 14.4 14.6 21.4 35.8 42.7 24.0 
18 13.9 14.0 14.1 14.3 14.5 20.0 32.5 40.8 20.0 
19 13.9 13.9 14.0 14.3 14.3 20.0 33.8 39.8 20.9 
20 13.9 14.0 14.0 14.4 14.6 22.0 35.9 41.1 23.2 
21 13.9 13.9 14.0 14.3 14.7 23.5 36.9 42.7 24.4 
22 13.8 13.9 14.0 14.1 14.1 18.3 32.9 39.1 20.9 
23 13.8 13.9 14.0 14.1 14.1 15.8 30.8 36.8 19.0 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  27.4 34.1 37.5 52.1 
15.8Hz  26.3 31.9 34.9 48.9 
20Hz  25.7 30.6 33.0 45.5 
25Hz  23.6 28.1 30.4 42.7 
31.5Hz  21.2 25.8 28.1 40.4 
40Hz  19.2 23.5 25.9 38.3 
50Hz  16.2 20.5 23.0 36.4 
63Hz  12.7 17.1 19.5 34.0 
80Hz  9.6 14.1 16.8 31.5 
100Hz  7.5 11.9 14.4 29.9 
125Hz  5.7 10.1 12.3 28.4 
160Hz  3.8 8.0 10.1 27.3 
200Hz  2.2 5.7 7.5 25.7 
250Hz  1.7 5.0 6.8 24.1 
315Hz  0.6 3.1 4.9 20.4 
400Hz  0.0 2.1 3.6 16.5 
500Hz  -0.5 1.7 2.6 13.0 
630Hz  -1.0 0.6 1.3 9.4 
800Hz  -1.1 0.1 0.6 6.8 
1000Hz -0.9 -0.1 0.3 4.9 
1250Hz -0.5 0.0 0.3 3.2 
1600Hz 0.1 0.4 0.5 2.3 
2000Hz 0.8 1.0 1.1 2.1 
2500Hz 1.5 1.8 1.9 2.4 
3150Hz 2.4 2.6 2.6 3.0 
4000Hz 3.2 3.4 3.5 3.8 
5000Hz 4.0 4.2 4.2 4.4 
6300Hz 4.6 4.8 4.8 5.0 
8000Hz 5.0 5.1 5.2 5.4 
10000Hz 5.0 5.2 5.2 5.4 
12500Hz 4.1 4.2 4.2 4.5 
16000Hz 1.3 1.4 1.5 1.9 
20000Hz -0.9 -0.7 -0.7 0.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  22.7 29.4 30.6 43.8 
15.8Hz  22.7 28.1 29.1 40.8 
20Hz  22.1 27.0 27.9 38.1 
25Hz  19.7 24.1 25.1 35.8 
31.5Hz  17.3 21.9 22.7 34.2 
40Hz  14.6 19.2 19.9 32.5 
50Hz  10.8 15.2 16.4 30.1 
63Hz  7.0 11.0 12.3 26.8 
80Hz  4.0 7.3 8.2 23.2 
100Hz  2.3 5.0 5.7 21.1 
125Hz  0.9 3.2 3.8 18.7 
160Hz  0.0 1.9 2.4 15.9 
200Hz  -0.9 0.8 1.1 13.4 
250Hz  -1.1 0.4 0.7 11.2 
315Hz  -1.8 -0.5 -0.4 7.4 
400Hz  -2.0 -0.9 -0.7 4.1 
500Hz  -2.0 -1.0 -0.9 2.8 
630Hz  -2.1 -1.3 -1.1 1.5 
800Hz  -1.9 -1.4 -1.2 0.5 
1000Hz -1.5 -1.0 -0.9 0.2 
1250Hz -1.0 -0.6 -0.5 0.2 
1600Hz -0.3 0.0 0.1 0.5 
2000Hz 0.5 0.7 0.8 1.1 
2500Hz 1.3 1.5 1.5 1.9 
3150Hz 2.2 2.4 2.4 2.7 
4000Hz 3.1 3.3 3.3 3.5 
5000Hz 3.9 4.1 4.1 4.3 
6300Hz 4.6 4.7 4.7 4.9 
8000Hz 5.0 5.1 5.1 5.3 
10000Hz 4.9 5.1 5.1 5.2 
12500Hz 3.8 3.9 4.0 4.1 
16000Hz 1.1 1.2 1.2 1.4 
20000Hz -1.0 -0.9 -0.9 -0.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Winter 2010 (1004 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Summer 2010 (861 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 14.8 15.0 15.4 16.2 16.4 20.8 30.7 38.6 20.8 
01 14.7 14.9 15.1 15.9 16.1 20.4 31.4 38.7 20.7 
02 14.6 14.6 14.8 15.3 15.3 18.5 25.9 36.4 18.0 
03 14.6 14.7 14.8 15.1 15.1 16.2 23.0 33.1 16.4 
04 14.6 14.7 14.8 15.2 15.2 16.4 22.6 33.5 16.9 
05 14.5 14.6 14.8 15.9 15.9 20.2 28.2 37.0 19.1 
06 14.5 14.6 14.8 15.3 15.5 19.6 30.9 42.3 20.7 
07 14.7 14.8 15.1 16.1 16.5 23.6 37.4 45.3 25.3 
08 15.3 15.7 16.4 17.8 18.9 28.5 38.1 45.3 26.0 
09 15.8 16.2 17.9 21.1 23.0 32.0 41.0 48.4 29.9 
10 16.7 17.3 19.1 22.5 23.6 33.6 42.6 49.8 31.8 
11 17.5 18.3 20.0 23.1 24.7 35.2 42.4 49.9 31.7 
12 17.5 18.5 20.0 22.0 22.9 33.6 44.1 53.7 34.2 
13 16.3 17.0 18.5 22.7 24.5 37.0 45.8 51.6 34.9 
14 16.4 17.2 19.1 25.8 26.7 36.9 46.3 53.5 35.6 
15 16.4 16.9 18.4 25.7 27.4 37.7 47.9 55.6 36.9 
16 16.0 16.4 17.5 23.0 25.0 36.1 45.3 53.7 34.5 
17 16.6 17.5 19.4 25.6 27.3 36.2 43.1 50.1 32.7 
18 16.3 16.8 18.7 25.1 27.0 35.6 41.9 49.0 31.8 
19 15.7 16.0 16.7 20.9 22.7 31.9 41.2 48.2 30.4 
20 14.9 15.1 15.4 16.5 17.3 28.5 37.2 44.1 26.2 
21 14.7 14.8 15.0 15.7 16.6 25.1 35.4 42.7 23.2 
22 14.9 15.1 15.5 16.7 17.5 23.9 33.5 41.1 22.1 
23 14.7 14.9 15.2 16.0 16.2 21.7 34.2 40.8 22.1 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Summer 2010  
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  34.6 43.0 46.0 59.8 
15.8Hz  31.9 40.1 42.8 57.3 
20Hz  29.9 37.5 39.7 54.2 
25Hz  28.0 35.3 37.3 50.5 
31.5Hz  26.2 32.9 34.8 47.1 
40Hz  23.9 30.4 32.6 43.7 
50Hz  21.5 28.4 30.5 41.1 
63Hz  19.3 26.7 28.5 38.7 
80Hz  17.8 24.9 26.5 36.3 
100Hz  16.3 23.1 24.9 34.5 
125Hz  14.7 21.0 22.7 32.9 
160Hz  13.6 19.7 21.5 32.3 
200Hz  12.1 19.0 20.6 31.4 
250Hz  11.6 18.2 20.0 30.2 
315Hz  10.0 16.7 18.6 28.3 
400Hz  8.6 16.1 18.4 28.0 
500Hz  9.7 15.1 17.3 27.3 
630Hz  7.3 14.0 16.4 27.0 
800Hz  7.7 12.5 14.9 26.1 
1000Hz 6.1 10.6 12.7 24.4 
1250Hz 5.2 9.6 11.3 22.0 
1600Hz 4.3 8.2 9.3 19.4 
2000Hz 3.5 6.0 7.0 16.8 
2500Hz 3.3 4.6 5.2 13.5 
3150Hz 3.6 4.3 4.5 10.0 
4000Hz 4.2 4.6 4.7 8.0 
5000Hz 4.7 5.0 5.1 7.1 
6300Hz 5.1 5.3 5.4 6.9 
8000Hz 5.4 5.7 5.8 6.9 
10000Hz 5.8 6.0 6.1 7.1 
12500Hz 5.9 6.1 6.2 7.1 
16000Hz 4.0 4.2 4.3 5.4 
20000Hz 1.0 1.3 1.5 3.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Summer 2010  
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  27.1 31.1 31.7 40.1 
15.8Hz  23.9 27.7 28.4 36.9 
20Hz  22.0 25.4 26.2 34.7 
25Hz  19.7 23.2 24.1 33.1 
31.5Hz  17.6 20.9 21.9 32.2 
40Hz  14.2 17.9 19.3 31.5 
50Hz  11.1 15.1 16.7 30.4 
63Hz  9.2 13.2 15.1 28.4 
80Hz  6.9 11.3 13.0 26.6 
100Hz  5.6 9.9 11.4 24.0 
125Hz  4.6 8.8 10.1 21.3 
160Hz  3.5 7.9 8.9 18.5 
200Hz  2.6 6.7 7.9 16.9 
250Hz  1.3 5.2 6.2 16.1 
315Hz  0.1 3.7 4.8 14.7 
400Hz  -0.2 2.5 3.6 13.9 
500Hz  -0.5 1.6 2.5 11.3 
630Hz  -0.5 1.1 1.8 9.2 
800Hz  -0.5 0.8 1.2 6.9 
1000Hz -0.3 0.5 0.8 4.9 
1250Hz 0.0 0.7 0.8 3.6 
1600Hz 0.6 1.0 1.1 2.9 
2000Hz 1.3 1.7 1.7 3.3 
2500Hz 2.1 2.4 2.5 3.7 
3150Hz 2.9 3.1 3.2 3.7 
4000Hz 4.1 4.6 4.8 6.9 
5000Hz 4.5 4.7 4.7 5.8 
6300Hz 4.8 4.9 4.9 5.2 
8000Hz 5.2 5.3 5.4 5.6 
10000Hz 5.6 5.7 5.7 5.9 
12500Hz 5.5 5.6 5.6 5.8 
16000Hz 3.5 3.6 3.6 3.7 
20000Hz 0.6 0.7 0.7 0.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Summer 2010 (861 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Winter 2010 (768 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 13.4 13.5 13.6 13.7 13.7 16.3 28.5 35.0 17.2 
01 13.5 13.5 13.6 13.9 13.9 16.0 31.3 37.5 19.3 
02 13.5 13.5 13.6 13.8 13.8 15.2 25.2 33.2 16.3 
03 13.4 13.5 13.6 13.8 13.9 15.2 21.8 31.5 15.7 
04 13.4 13.5 13.6 14.0 14.0 15.7 22.5 29.2 15.3 
05 13.4 13.5 13.5 13.8 13.8 16.6 26.8 32.7 16.8 
06 13.5 13.6 13.7 14.6 14.6 17.9 25.0 37.4 17.3 
07 13.6 13.7 14.0 15.0 15.2 21.0 32.2 38.5 20.2 
08 13.6 13.7 14.1 15.1 15.8 24.2 37.4 45.5 24.8 
09 13.9 14.1 14.9 16.4 18.4 30.2 41.7 49.5 29.8 
10 14.1 14.3 15.0 16.3 18.5 29.8 40.0 47.9 28.1 
11 14.3 14.5 15.7 17.9 20.3 28.4 38.6 45.7 26.6 
12 14.2 14.6 16.0 18.4 20.9 29.0 39.1 46.4 26.9 
13 14.2 14.5 16.4 19.0 20.5 28.9 38.7 45.3 25.9 
14 14.2 14.5 15.7 18.7 20.9 30.2 39.6 45.8 28.7 
15 14.1 14.4 15.3 17.4 19.7 28.4 37.9 44.5 25.6 
16 13.6 13.7 13.9 14.5 15.9 28.3 40.2 45.8 27.1 
17 13.5 13.6 13.7 13.8 14.7 26.7 38.4 43.0 26.1 
18 13.5 13.6 13.7 14.1 14.8 26.7 37.7 43.6 25.8 
19 13.5 13.5 13.6 13.9 14.7 24.2 37.5 43.2 23.9 
20 13.4 13.5 13.6 13.9 14.7 26.6 37.0 43.1 24.6 
21 13.5 13.5 13.6 13.8 14.3 26.9 38.6 44.3 25.5 
22 13.5 13.6 13.7 14.3 14.8 24.5 36.1 42.9 23.4 
23 13.5 13.5 13.6 13.7 13.9 23.9 35.4 40.2 23.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Winter 2010 
SPL v. Frequency (daytime) (08:00:00 - 15:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  31.9 37.1 41.3 55.4 
15.8Hz  30.7 34.7 38.2 51.2 
20Hz  29.8 33.1 35.9 47.5 
25Hz  26.7 30.3 33.2 44.0 
31.5Hz  25.0 28.6 31.4 41.2 
40Hz  22.6 26.2 29.1 38.4 
50Hz  20.0 24.0 27.3 36.6 
63Hz  18.1 22.0 25.4 35.1 
80Hz  15.8 20.0 23.6 33.0 
100Hz  13.2 17.3 21.0 31.4 
125Hz  11.2 14.8 18.3 29.6 
160Hz  9.1 13.5 16.1 28.8 
200Hz  7.8 12.0 15.0 28.2 
250Hz  6.2 10.9 14.1 26.6 
315Hz  5.5 10.2 13.4 24.8 
400Hz  4.6 9.0 12.0 22.6 
500Hz  3.4 7.9 10.8 20.7 
630Hz  2.5 6.3 9.1 18.9 
800Hz  1.1 4.4 6.8 15.8 
1000Hz 0.1 2.5 4.4 12.9 
1250Hz -0.3 1.0 2.3 10.2 
1600Hz -0.1 0.5 1.4 8.1 
2000Hz 0.5 0.8 1.1 5.7 
2500Hz 1.3 1.5 1.7 4.3 
3150Hz 2.2 2.3 2.4 3.5 
4000Hz 3.0 3.2 3.3 3.7 
5000Hz 3.8 3.9 4.0 4.3 
6300Hz 4.4 4.5 4.5 4.9 
8000Hz 4.8 4.9 4.9 5.3 
10000Hz 4.7 4.8 4.8 5.2 
12500Hz 3.2 3.3 3.4 3.8 
16000Hz 0.6 0.8 0.9 1.8 
20000Hz -1.3 -1.2 -1.1 0.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Winter 2010 
SPL v. Frequency (nighttime) (16:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  25.6 28.9 30.3 39.8 
15.8Hz  25.9 28.6 30.0 36.8 
20Hz  25.6 28.4 29.7 36.0 
25Hz  22.3 24.9 26.6 34.8 
31.5Hz  21.0 24.2 26.0 34.4 
40Hz  17.9 21.3 23.3 32.8 
50Hz  14.9 18.7 20.9 31.7 
63Hz  12.4 16.4 19.0 30.2 
80Hz  8.8 13.0 16.1 28.1 
100Hz  5.8 10.3 13.4 25.9 
125Hz  3.3 7.7 10.7 23.3 
160Hz  0.6 4.5 7.4 21.6 
200Hz  -0.5 2.9 4.9 21.7 
250Hz  -1.4 1.2 3.4 20.5 
315Hz  -2.2 0.1 2.1 17.2 
400Hz  -2.5 -0.7 1.0 14.8 
500Hz  -2.7 -1.4 -0.2 12.6 
630Hz  -2.7 -1.9 -1.2 9.3 
800Hz  -2.6 -2.1 -1.7 5.0 
1000Hz -2.1 -1.8 -1.6 1.6 
1250Hz -1.5 -1.2 -1.1 -0.2 
1600Hz -0.8 -0.5 -0.4 0.0 
2000Hz 0.1 0.3 0.4 0.7 
2500Hz 1.0 1.2 1.2 1.5 
3150Hz 1.9 2.1 2.1 2.4 
4000Hz 2.8 3.0 3.1 3.3 
5000Hz 3.7 3.8 3.8 4.0 
6300Hz 4.3 4.4 4.5 4.6 
8000Hz 4.7 4.8 4.9 5.0 
10000Hz 4.5 4.6 4.6 4.8 
12500Hz 2.9 3.0 3.0 3.2 
16000Hz 0.4 0.5 0.5 0.7 
20000Hz -1.5 -1.4 -1.4 -1.2 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA012, Hans Flat, Winter 2010 (768 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA016, Lake Canyon, Summer 2010 (1054 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 39.7 40.2 41.6 43.6 44.1 46.1 47.2 49.0 44.5 
01 38.8 39.6 41.4 42.4 43.2 44.9 46.0 48.1 43.6 
02 37.8 38.6 40.0 41.3 41.6 43.2 44.8 47.8 41.6 
03 35.5 37.0 38.3 40.7 40.9 43.5 45.3 47.7 41.4 
04 32.7 33.9 36.1 39.3 39.8 41.7 42.8 46.3 40.1 
05 22.8 26.1 30.2 35.6 36.1 40.1 41.3 45.7 37.5 
06 14.7 15.2 16.6 21.3 22.0 32.0 38.0 45.0 28.1 
07 16.2 16.6 17.6 18.6 19.7 25.4 34.3 44.3 24.0 
08 16.3 16.8 17.8 18.2 22.0 31.8 39.0 46.1 29.1 
09 16.7 17.4 18.4 19.2 22.8 32.1 42.0 49.8 30.0 
10 17.7 18.3 19.3 19.7 23.5 33.4 42.5 49.6 31.4 
11 18.5 19.1 19.9 20.6 23.9 34.3 44.5 52.5 32.7 
12 19.0 19.4 20.4 21.0 23.8 34.7 44.6 51.5 32.1 
13 19.3 19.9 20.7 21.4 24.5 36.5 46.3 51.5 34.1 
14 18.9 19.5 20.4 21.2 23.9 34.6 45.5 54.7 33.8 
15 18.9 19.6 20.5 21.2 23.7 35.9 45.9 50.8 33.7 
16 18.9 19.5 20.3 21.0 24.4 34.3 43.8 51.4 32.8 
17 18.6 19.4 20.4 21.0 22.7 32.6 41.7 49.6 29.6 
18 18.5 19.3 20.3 20.7 22.9 32.0 40.9 48.8 29.7 
19 20.3 20.9 23.1 25.5 30.7 45.0 48.4 51.1 41.8 
20 42.9 44.0 45.3 46.5 47.5 49.0 50.3 51.9 47.5 
21 44.1 44.8 46.0 46.7 47.4 48.5 49.5 50.6 47.5 
22 42.8 43.5 44.5 45.3 46.1 48.2 48.8 50.3 46.5 
23 41.7 42.2 43.3 44.1 44.6 46.2 47.2 49.3 44.9 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA016, Lake Canyon, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  20.2 22.4 27.4 37.0 
15.8Hz  19.4 21.7 27.2 36.0 
20Hz  19.2 21.7 27.7 36.1 
25Hz  18.7 21.4 28.2 37.1 
31.5Hz  17.5 20.5 28.3 37.4 
40Hz  17.3 20.2 28.6 38.1 
50Hz  16.5 19.6 28.4 38.1 
63Hz  15.8 18.8 27.1 37.5 
80Hz  13.7 16.5 24.8 35.8 
100Hz  12.2 14.6 23.2 35.1 
125Hz  9.9 12.6 21.3 35.9 
160Hz  10.6 11.8 19.4 36.0 
200Hz  10.9 12.3 18.0 33.3 
250Hz  10.2 11.3 16.3 30.6 
315Hz  9.2 10.2 14.1 29.1 
400Hz  10.8 11.8 14.5 26.5 
500Hz  10.7 11.6 14.0 24.8 
630Hz  9.6 10.3 12.3 22.6 
800Hz  9.5 10.2 11.6 20.3 
1000Hz 8.8 9.5 10.9 18.5 
1250Hz 8.1 8.7 10.3 17.4 
1600Hz 7.3 7.8 9.1 15.4 
2000Hz 6.7 7.2 8.2 13.3 
2500Hz 5.7 6.0 7.0 12.8 
3150Hz 5.3 5.6 6.6 13.2 
4000Hz 5.3 5.6 6.5 14.2 
5000Hz 5.6 5.8 6.4 12.4 
6300Hz 5.9 6.0 6.5 10.6 
8000Hz 6.2 6.3 6.6 9.5 
10000Hz 5.5 5.7 6.1 7.6 
12500Hz 3.3 3.4 3.9 5.3 
16000Hz 0.4 0.6 0.9 1.9 
20000Hz -1.1 -1.0 -0.9 -0.2 
 



 108

Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA016, Lake Canyon, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  14.9 18.7 21.8 32.3 
15.8Hz  14.6 17.7 20.9 31.6 
20Hz  13.8 17.0 20.7 31.6 
25Hz  12.1 15.5 19.3 31.7 
31.5Hz  10.5 13.4 17.3 31.4 
40Hz  9.6 12.4 16.3 31.1 
50Hz  9.8 12.4 16.6 31.0 
63Hz  7.9 10.6 14.2 29.2 
80Hz  6.1 8.6 12.0 26.4 
100Hz  5.8 8.3 11.3 25.0 
125Hz  3.4 5.4 7.9 23.8 
160Hz  2.3 4.2 6.4 23.0 
200Hz  1.4 3.1 5.3 20.6 
250Hz  0.9 2.8 5.1 17.7 
315Hz  -0.2 1.5 3.3 16.3 
400Hz  -0.6 1.2 3.1 14.0 
500Hz  -0.6 1.2 3.0 12.8 
630Hz  -0.7 0.5 1.8 10.2 
800Hz  -0.7 0.3 1.4 7.9 
1000Hz -0.4 0.3 0.9 6.4 
1250Hz 0.0 0.6 1.1 4.9 
1600Hz 1.1 1.7 2.3 5.6 
2000Hz 7.3 9.2 11.5 16.9 
2500Hz 24.6 26.9 28.2 31.3 
3150Hz 26.7 29.8 32.3 35.5 
4000Hz 12.3 17.4 22.2 31.4 
5000Hz 9.9 11.9 13.3 17.3 
6300Hz 9.5 11.0 12.3 15.7 
8000Hz 8.6 10.4 11.3 14.3 
10000Hz 6.8 8.2 9.1 12.1 
12500Hz 3.4 4.0 4.6 8.8 
16000Hz 0.0 0.4 0.6 3.0 
20000Hz -1.5 -1.4 -1.3 -0.4 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA016, Lake Canyon, Summer 2010 (1054 hours) 
 

 
 

 
 
Insects at night at about 2500 to 5000 Hz. 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA017, Moki Canyon, Summer 2010 (1056 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 15.9 16.6 17.6 18.8 19.0 24.7 33.1 43.6 23.3 
01 15.5 16.7 17.8 19.4 20.0 26.0 33.1 40.3 22.7 
02 15.5 16.4 17.4 18.8 19.0 23.2 30.2 41.1 21.3 
03 15.7 16.2 17.1 18.8 18.8 21.4 28.0 43.7 20.6 
04 16.6 17.3 18.3 19.3 19.4 21.3 28.7 41.4 20.8 
05 15.9 16.7 17.3 19.0 19.0 21.6 28.1 39.5 20.1 
06 14.2 14.2 14.5 15.6 15.6 19.4 32.2 42.9 21.6 
07 14.3 14.4 14.6 15.4 16.0 24.4 42.5 51.6 29.0 
08 14.6 15.1 16.1 16.4 20.4 31.2 41.5 51.2 31.4 
09 15.4 15.9 17.0 17.4 21.2 30.6 40.4 49.7 29.6 
10 16.6 17.3 18.3 18.8 21.3 30.0 40.3 46.9 28.8 
11 17.2 17.9 18.9 19.6 21.9 29.6 39.6 48.9 29.0 
12 17.3 17.9 19.0 20.2 22.7 30.6 40.5 49.3 30.0 
13 17.2 18.0 19.2 21.0 23.9 32.5 40.9 49.2 30.3 
14 17.3 18.3 19.3 20.5 23.6 31.2 40.2 48.3 29.6 
15 17.3 18.1 19.2 20.7 23.1 33.5 43.7 52.7 33.5 
16 16.9 17.3 18.2 19.0 21.9 31.0 37.7 45.3 27.4 
17 16.1 16.6 17.5 18.1 20.5 29.4 39.3 47.7 27.7 
18 15.9 16.3 16.9 17.7 19.6 28.0 37.9 45.7 26.9 
19 15.5 15.8 16.4 17.0 18.7 26.7 36.4 43.6 24.5 
20 16.0 16.7 18.2 19.4 22.7 29.3 37.1 43.3 26.6 
21 17.8 19.3 20.3 21.5 23.2 28.5 37.8 44.9 27.6 
22 17.2 18.4 19.9 21.0 22.8 28.1 36.3 45.2 26.4 
23 16.7 17.7 19.1 21.1 21.5 26.6 35.5 44.2 25.5 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA017, Moki Canyon, Summer 2010  
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  20.8 24.1 29.3 41.1 
15.8Hz  19.5 23.0 28.1 38.4 
20Hz  18.3 21.8 27.0 36.1 
25Hz  17.9 21.2 27.2 35.4 
31.5Hz  17.7 21.0 27.8 36.4 
40Hz  17.4 21.1 28.5 37.4 
50Hz  16.3 20.2 27.8 36.7 
63Hz  15.1 18.5 25.6 35.0 
80Hz  13.5 16.9 24.9 34.2 
100Hz  11.0 14.4 22.3 32.3 
125Hz  10.6 13.1 19.9 32.5 
160Hz  9.6 11.7 18.5 32.5 
200Hz  10.3 11.8 16.9 30.5 
250Hz  10.5 11.9 15.5 27.5 
315Hz  7.5 9.0 12.4 25.2 
400Hz  8.8 9.9 12.1 22.3 
500Hz  9.0 9.8 11.7 19.4 
630Hz  7.6 8.4 9.9 15.9 
800Hz  7.0 7.8 9.1 14.0 
1000Hz 6.6 7.3 8.7 13.3 
1250Hz 5.7 6.5 7.9 12.9 
1600Hz 4.7 5.3 6.8 12.3 
2000Hz 4.0 4.7 6.1 11.8 
2500Hz 4.0 4.5 5.8 11.7 
3150Hz 4.2 4.6 5.9 11.7 
4000Hz 4.8 5.1 6.2 12.5 
5000Hz 5.3 5.6 6.5 12.9 
6300Hz 5.7 6.0 6.9 13.2 
8000Hz 6.0 6.3 7.1 13.1 
10000Hz 5.4 5.7 6.4 11.7 
12500Hz 3.5 3.7 4.4 8.8 
16000Hz 0.3 0.5 1.0 3.8 
20000Hz -0.9 -0.9 -0.6 0.5 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA017, Moki Canyon, Summer 2010  
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  12.5 15.7 18.2 27.8 
15.8Hz  12.0 15.0 17.5 28.2 
20Hz  9.8 12.6 15.2 27.9 
25Hz  8.3 11.3 14.8 28.8 
31.5Hz  7.7 10.7 14.3 30.0 
40Hz  6.6 9.5 13.7 30.8 
50Hz  6.8 10.1 15.7 30.4 
63Hz  4.7 7.7 11.1 28.5 
80Hz  3.1 5.4 8.8 27.5 
100Hz  2.5 4.6 7.7 24.7 
125Hz  1.0 2.5 4.3 23.3 
160Hz  0.3 1.6 3.0 22.7 
200Hz  -0.2 1.0 2.2 20.1 
250Hz  -0.6 0.5 1.6 16.8 
315Hz  -1.5 -0.7 -0.1 13.6 
400Hz  -1.7 -1.0 -0.5 10.5 
500Hz  -1.7 -1.0 -0.4 7.0 
630Hz  -1.7 -1.2 -0.7 3.4 
800Hz  -1.6 -1.1 -0.8 2.5 
1000Hz -1.1 -0.7 -0.5 1.8 
1250Hz -0.6 -0.2 0.0 1.9 
1600Hz 0.1 0.5 0.6 2.5 
2000Hz 1.1 1.5 1.6 3.9 
2500Hz 3.0 3.8 4.6 9.0 
3150Hz 3.4 4.0 4.7 8.7 
4000Hz 4.4 5.1 6.0 11.4 
5000Hz 5.0 5.6 6.3 11.5 
6300Hz 5.3 5.5 5.5 7.7 
8000Hz 5.6 5.7 5.8 7.9 
10000Hz 4.9 5.1 5.2 7.0 
12500Hz 3.0 3.1 3.2 5.3 
16000Hz -0.3 -0.2 -0.1 0.9 
20000Hz -1.2 -1.1 -1.1 -0.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA017, Moki Canyon, Summer 2010 (1056 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA018, Forgotten Canyon, Summer 2010 (1055 hours) 
Median dBA values by Hour 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 20.1 21.6 23.2 25.1 25.3 28.2 34.8 43.8 26.7 
01 20.6 21.7 23.4 24.6 25.1 27.8 35.4 44.8 26.8 
02 19.8 21.1 22.5 24.1 24.2 26.6 33.4 42.7 25.7 
03 20.0 21.1 22.5 23.9 24.0 26.3 32.3 43.7 25.3 
04 20.5 21.6 23.1 24.9 25.0 27.2 34.0 43.7 26.2 
05 19.2 20.2 21.4 23.8 23.8 26.9 32.7 42.4 24.9 
06 14.6 14.8 15.3 18.8 19.0 24.7 33.5 43.7 24.3 
07 15.0 15.2 15.7 17.0 17.4 21.8 32.0 43.3 21.6 
08 15.6 16.1 16.9 17.7 19.7 28.4 37.9 47.6 26.7 
09 16.3 16.6 17.3 18.0 19.6 27.5 37.4 45.8 26.2 
10 16.8 17.4 18.2 19.2 20.5 28.4 39.4 46.4 27.2 
11 17.3 17.8 18.7 19.9 21.6 30.7 40.2 47.9 28.8 
12 17.4 18.0 18.9 20.4 22.1 31.6 40.4 47.6 29.5 
13 17.3 18.0 19.0 20.4 22.8 32.8 40.2 47.2 30.8 
14 17.0 17.4 18.4 20.5 22.6 32.1 38.7 46.3 28.7 
15 16.8 17.1 18.0 19.0 20.9 28.1 37.6 47.0 26.4 
16 16.9 17.2 17.8 18.6 20.0 29.0 39.6 48.0 29.1 
17 17.0 17.3 18.0 18.9 20.5 28.2 38.0 45.5 26.6 
18 16.8 17.1 17.7 18.5 19.5 26.0 35.2 45.6 25.3 
19 16.4 16.8 17.3 18.7 20.8 28.6 35.1 44.3 25.6 
20 20.4 21.9 24.1 26.4 29.5 33.4 39.6 47.3 31.6 
21 22.8 24.0 25.5 28.6 30.0 33.0 38.6 45.7 31.4 
22 22.4 23.9 25.3 26.7 27.6 32.1 37.7 44.2 30.0 
23 20.3 21.8 23.5 25.3 25.9 29.3 36.1 43.4 27.7 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA018, Forgotten Canyon, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  19.9 23.4 26.9 36.9 
15.8Hz  18.9 22.0 25.8 35.1 
20Hz  18.5 21.8 25.4 34.8 
25Hz  17.4 20.9 24.7 34.9 
31.5Hz  16.5 20.2 24.4 35.2 
40Hz  16.0 20.0 24.5 35.6 
50Hz  15.2 19.2 24.0 35.1 
63Hz  14.7 18.6 23.2 34.2 
80Hz  13.2 17.1 21.5 32.4 
100Hz  11.1 14.7 18.6 30.2 
125Hz  9.1 12.6 16.4 29.3 
160Hz  8.8 11.5 15.0 28.8 
200Hz  9.9 11.9 14.6 27.1 
250Hz  10.0 11.8 14.4 24.7 
315Hz  7.1 8.7 10.9 21.2 
400Hz  8.8 10.3 11.8 20.1 
500Hz  9.0 10.2 11.9 18.9 
630Hz  6.7 7.7 8.8 14.8 
800Hz  6.3 7.2 8.4 13.3 
1000Hz 6.5 7.4 8.3 12.5 
1250Hz 5.9 6.7 7.7 12.8 
1600Hz 4.4 5.2 6.2 11.1 
2000Hz 3.8 4.4 5.1 8.7 
2500Hz 3.6 4.0 4.7 8.7 
3150Hz 3.8 4.2 4.9 9.3 
4000Hz 4.4 4.7 5.4 10.3 
5000Hz 4.9 5.2 5.7 9.7 
6300Hz 5.5 5.7 6.0 10.0 
8000Hz 5.9 6.0 6.3 9.2 
10000Hz 6.0 6.1 6.4 8.8 
12500Hz 5.2 5.3 5.5 7.7 
16000Hz 2.8 2.9 3.1 4.8 
20000Hz 0.2 0.3 0.4 1.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA018, Forgotten Canyon, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) 
Freq  L090 Lnat L050 L010 
12.5Hz  12.7 16.0 17.4 25.6 
15.8Hz  12.7 15.7 17.1 26.0 
20Hz  11.5 14.4 16.1 26.8 
25Hz  10.0 12.9 14.4 27.0 
31.5Hz  9.3 12.1 13.5 27.0 
40Hz  8.1 10.9 12.2 27.0 
50Hz  8.0 10.7 12.5 26.6 
63Hz  7.3 10.1 12.0 25.2 
80Hz  4.5 6.7 8.2 22.7 
100Hz  3.8 5.9 6.9 19.5 
125Hz  2.7 4.5 5.6 16.8 
160Hz  1.8 3.3 4.2 15.5 
200Hz  1.4 2.9 3.7 15.3 
250Hz  0.8 2.2 3.1 13.8 
315Hz  -0.3 0.7 1.3 9.2 
400Hz  -0.9 -0.1 0.5 8.8 
500Hz  -1.2 -0.5 -0.1 6.0 
630Hz  -1.3 -0.7 -0.4 3.4 
800Hz  -1.3 -0.8 -0.6 1.7 
1000Hz -1.1 -0.6 -0.5 0.8 
1250Hz -0.6 -0.3 -0.2 0.7 
1600Hz 0.0 0.3 0.4 1.1 
2000Hz 0.9 1.3 1.4 3.5 
2500Hz 3.5 4.8 5.5 10.7 
3150Hz 4.3 5.7 6.4 13.1 
4000Hz 7.2 11.7 13.0 19.0 
5000Hz 5.2 6.5 7.4 12.0 
6300Hz 5.2 5.5 5.5 6.6 
8000Hz 5.6 5.8 5.9 6.6 
10000Hz 5.7 5.8 5.9 7.0 
12500Hz 4.7 4.9 4.9 7.8 
16000Hz 2.3 2.5 2.5 3.6 
20000Hz -0.1 0.0 0.0 0.3 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA018, Forgotten Canyon, Summer 2010 (1055 hours) 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA019, Hansen Creek, Summer 2010 
Median dBA values by Hour, Summer (n = 1021hrs) 
Hr Lmin L099 L090 Lnat L050 L010 L001 Lmax Leq 
00 15.8 16.8 18.6 19.3 20.5 23.5 30.3 41.3 22.6 
01 15.5 16.8 18.2 19.1 20.2 24.5 31.3 43.6 23.6 
02 15.1 16.1 17.1 18.4 18.9 22.5 28.0 38.3 21.1 
03 14.6 15.2 16.2 17.5 18.4 20.9 27.9 40.1 20.6 
04 14.7 15.2 15.8 16.4 17.0 20.0 26.5 36.1 21.7 
05 14.1 14.4 15.4 16.3 16.6 18.0 24.7 34.3 17.5 
06 13.9 14.0 14.2 14.7 15.7 24.4 34.5 45.6 23.5 
07 14.3 14.5 15.3 16.3 19.2 26.4 35.2 46.1 24.9 
08 15.3 16.3 18.0 18.5 23.2 31.4 42.0 52.5 31.6 
09 16.1 17.4 19.5 20.4 25.3 33.0 42.0 50.4 31.1 
10 17.4 18.7 21.1 22.7 25.4 33.2 42.1 52.5 32.0 
11 18.7 19.6 21.5 24.3 27.5 33.8 42.2 50.1 31.9 
12 18.9 19.9 21.8 23.5 26.1 32.1 40.2 48.2 30.5 
13 18.8 19.7 21.3 22.9 25.2 31.1 38.2 47.2 28.6 
14 18.6 19.4 20.8 22.6 24.9 30.3 36.3 45.7 28.4 
15 18.1 18.6 19.9 21.3 23.2 30.0 35.5 45.2 27.1 
16 17.7 18.3 19.1 20.2 22.6 29.9 36.7 44.3 27.4 
17 17.2 17.6 18.4 19.6 21.8 28.8 37.5 45.4 27.1 
18 16.8 17.1 17.7 18.5 19.8 26.6 35.9 45.2 25.5 
19 16.2 16.5 17.0 18.0 20.2 26.6 35.3 45.0 24.9 
20 17.9 19.0 20.7 21.9 23.5 27.4 34.9 45.9 26.3 
21 18.7 19.8 21.3 23.0 24.4 27.5 34.0 44.7 26.1 
22 17.2 19.0 20.6 22.2 23.4 27.1 34.3 44.6 25.4 
23 16.5 17.7 19.8 20.7 22.0 25.6 30.9 43.4 24.1 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA019, Hansen Creek, Summer 2010 
SPL v. Frequency (daytime) (08:00:00 - 17:59:59) (n = 416hrs) 
Freq  L090 Lnat L050 L010 
12.5Hz  23.7 27.8 33.8 46.3 
15.8Hz  22.9 26.4 31.8 43.0 
20Hz  23.6 26.5 30.8 40.3 
25Hz  22.1 24.9 29.1 38.1 
31.5Hz  20.4 23.2 27.8 36.5 
40Hz  19.3 21.9 26.7 35.9 
50Hz  18.6 21.2 26.0 35.2 
63Hz  18.7 21.2 25.6 34.5 
80Hz  16.9 19.3 23.8 32.4 
100Hz  15.8 18.0 22.2 30.9 
125Hz  14.1 16.2 20.0 29.8 
160Hz  12.5 14.3 17.9 29.2 
200Hz  12.0 13.3 15.9 27.0 
250Hz  10.8 11.8 14.0 24.2 
315Hz  8.5 9.5 11.4 21.3 
400Hz  8.7 9.8 11.5 19.0 
500Hz  8.9 9.9 11.2 17.0 
630Hz  7.7 8.7 9.9 14.6 
800Hz  6.4 7.3 8.4 12.4 
1000Hz 6.1 6.7 7.8 11.0 
1250Hz 5.5 6.1 7.1 10.3 
1600Hz 5.0 5.6 6.8 10.2 
2000Hz 4.8 5.4 6.5 11.3 
2500Hz 4.6 5.3 7.3 14.0 
3150Hz 5.0 6.1 9.4 17.4 
4000Hz 5.3 6.3 9.8 18.3 
5000Hz 5.0 5.5 7.4 14.6 
6300Hz 5.2 5.6 7.1 13.5 
8000Hz 5.3 5.6 6.5 13.1 
10000Hz 5.3 5.5 5.8 8.1 
12500Hz 4.5 4.7 4.9 6.3 
16000Hz 2.1 2.2 2.4 3.7 
20000Hz -0.3 -0.2 -0.1 0.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
GLCA019, Hansen Creek, Summer 2010 
SPL v. Frequency (nighttime) (18:00:00 - 07:59:59) (n = 605hrs) 
Freq  L090 Lnat L050 L010 
12.5Hz  15.3 18.1 21.4 30.9 
15.8Hz  15.2 17.7 21.1 30.0 
20Hz  14.6 17.1 21.3 30.1 
25Hz  13.0 15.7 19.8 30.0 
31.5Hz  12.3 15.0 19.1 29.3 
40Hz  10.1 12.7 17.3 28.9 
50Hz  9.1 11.6 16.2 28.2 
63Hz  8.3 10.8 15.3 26.9 
80Hz  7.0 9.5 14.2 25.2 
100Hz  6.9 9.5 13.4 23.3 
125Hz  4.2 5.9 9.5 20.7 
160Hz  2.8 4.3 7.2 17.8 
200Hz  1.3 2.7 5.0 15.8 
250Hz  0.0 0.9 2.7 13.5 
315Hz  -0.9 -0.1 1.4 10.7 
400Hz  -1.3 -0.6 0.7 9.2 
500Hz  -1.5 -0.9 0.1 8.6 
630Hz  -1.5 -1.0 -0.3 6.0 
800Hz  -1.4 -1.1 -0.6 4.1 
1000Hz -1.1 -0.8 -0.4 2.5 
1250Hz -0.5 -0.2 0.0 1.2 
1600Hz 0.1 0.3 0.5 1.2 
2000Hz 0.9 1.1 1.3 1.9 
2500Hz 2.5 2.9 3.7 6.3 
3150Hz 3.7 4.1 5.0 9.8 
4000Hz 4.9 6.4 8.8 15.2 
5000Hz 4.7 5.1 6.2 11.6 
6300Hz 4.5 4.6 4.7 5.1 
8000Hz 4.8 4.9 5.0 5.3 
10000Hz 4.8 4.9 5.0 5.3 
12500Hz 3.8 3.8 3.9 4.3 
16000Hz 1.4 1.5 1.5 1.7 
20000Hz -0.8 -0.8 -0.7 -0.6 
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Appendix V.  Acoustic Metrics for GLCA and RABR, Summer-Winter 2010 (cont.) 
 
 
GLCA019, Hansen Creek, Summer 2010 (1065) 
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Appendix VI.  Percent time non-natural and natural sounds audible, GLCA and RABR, 
0000-2400, Summer 2010. 

 
 

Summer GLCA006 
Lone Rock 

GLCA007 
Wahweap 

GLCA008 
Rainbow 

GLCA009 
Iceberg 

GLCA010 
Warm Ck. 

GLCA011 
Sewing M. 

GLCA012 
Hans Flat 

Jet Aircraft 4.9 6.7 19.6 15.3 23.4 10.9 15.0 

Propeller Aircraft 0.7 2.4 5.4 1.3 4.5 3.8 2.9 

Helicopter Aircraft 0.2 0.0 0.0 0.0 0.0 0.0 0.1 

Vehicles 31.9 73.9 0.0 0.1 6.3 0.3 0.2 

Watercraft 89.5 4.0 2.1 45.6 0.0 0.0 0.0 

Trains 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Motors 20.9 12.8 5.5 7.9 11.3 0.6 0.1 

Grounds Care 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

People 38.6 9.3 16.9 15.7 0.0 0.0 0.0 

Domestic Animals 4.2 0.8 0.0 0.0 0.0 0.0 0.0 

Building Sounds 1.1 29.2 0.0 0.0 0.0 0.0 0.0 

Construction Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other Human Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Unknown Human Sounds 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

Wind 1.3 0.0 37.2 23.6 38.5 50.0 61.5 

Water  42.3 1.4 0.9 58.2 0.4 2.1 1.6 

Mammal  0.5 0.0 1.0 0.0 0.0 0.4 0.1 

Birds  1.7 12.2 28.1 6.6 21.7 34.9 34.1 

Amphibians  0.0 0.0 3.9 0.0 0.0 0.0 0.0 

Insects  14.8 12.9 49.4 33.8 56.2 54.5 36.1 

Animal Sounds 0.3 0.0 2.4 0.0 2.2 0.7 0.4 

Other Natural Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix VI.  Percent time non-natural and natural sounds audible, GLCA and RABR, 
0000-2400, Summer 2010 (cont.) 
 

Summer GLCA016 
Lake 

GLCA017 
Moki 

GLCA018 
Forgotten 

GLCA019 
Hansen 

Jet Aircraft 27.5 27.5 16.7 15.0 

Propeller Aircraft 2.1 0.5 0.6 0.9 

Helicopter Aircraft 0.0 0.0 0.0 0.0 

Vehicles 0.0 0.0 0.0 5.1 

Watercraft 8.4 4.7 6.8 11.6 

Trains 0.0 0.0 0.0 0.0 

Motors 5.8 4.3 5.6 16.3 

Grounds Care 0.0 0.0 0.0 0.0 

People 4.8 5.5 1.6 1.3 

Domestic Animals 0.0 0.0 0.0 0.2 

Building Sounds 0.0 0.0 0.0 0.0 

Construction Sounds 0.0 0.0 0.0 0.0 

Other Human Sounds 0.0 0.0 0.0 0.0 

Unknown Human Sounds 0.0 0.2 0.1 0.4 

Wind 24.4 34.0 30.9 34.8 

Water  56.3 2.2 1.4 6.1 

Mammal  0.9 7.3 1.5 0.2 

Birds  29.5 10.0 15.4 46.9 

Amphibians  0.0 0.0 0.0 0.0 

Insects  85.9 83.0 85.3 81.6 

Animal Sounds 0.0 4.0 1.7 1.3 

Other Natural Sounds 0.0 0.1 0.1 0.2 
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Appendix VII.  Percent time non-natural and natural sounds audible, GLCA and 
RABR, 0000-2400, Winter 2010 

 
 
 

Winter GLCA006 
Lone Rock 

GLCA007 
Wahweap 

GLCA008 
Rainbow 

GLCA009 
Iceberg 

GLCA010 
Warm Ck. 

GLCA011 
Sewing M. 

GLCA012 
Hans Flat 

Jet Aircraft 25.8 10.4 28.6 44.5 32.1 13.3 21.0 

Propeller Aircraft 4.7 1.9 1.8 1.4 4.4 2.5 3.0 

Helicopter Aircraft 0.4 0.0 0.0 0.0 0.1 0.0 0.0 

Vehicles 8.6 74.2 0.0 0.0 3.1 0.3 0.5 

Watercraft 13.5 1.9 0.0 0.2 0.0 0.0 0.0 

Trains 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Motors 32.8 9.3 0.0 0.0 18.5 0.6 1.0 

Grounds Care 0.0 1.5 0.0 0.0 0.0 0.0 0.0 

People 4.7 11.3 0.2 0.0 0.1 0.0 0.0 

Domestic Animals 0.6 0.8 0.0 0.0 0.0 0.0 0.0 

Building Sounds 0.0 31.4 0.0 0.0 0.0 0.0 0.0 

Construction Sounds 0.0 0.8 0.0 0.0 0.0 0.0 0.0 

Other Human Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Unknown Human Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.6 

Wind 30.7 0.4 19.3 7.6 21.1 33.1 65.6 

Water  63.9 3.2 99.8 42.3 13.6 7.4 5.1 

Mammal  0.8 0.0 0.1 0.0 0.1 0.0 0.0 

Birds  16.7 28.3 1.4 9.4 8.4 4.7 3.1 

Amphibians  0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Insects  1.7 0.0 0.4 0.5 0.1 0.4 0.4 

Animal Sounds 0.0 0.0 0.5 0.3 0.2 0.1 1.2 

Other Natural Sounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010. 
 
GLCA006, Lone Rock Bay East, Summer 2007 (154 hours) 
 
 

 
 
 
GLCA006, Lone Rock Bay East, Winter 2010 (556 hours) 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA007, Wahweap Marina, Summer 2007 (200 hours) 
 
 

 
 
 
 
GLCA007, Wahweap Marina, Winter 2010 (304 hours) 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA008, Rainbow Bridge, Summer 2010 (1045 hours) 
 

 
 
 
 
GLCA008, Rainbow Bridge, Winter 2010 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA009, Iceberg Canyon, Summer 2010 (771 hours) 
 

 
 
GLCA009, Iceberg Canyon, Winter 2010 (595 hours) 
 

 
 
There were likely similar numbers of aircraft in winter as in summer, but most were not 
audible in winter due to masking by other human-caused sources (watercraft).  There were 
very few watercraft in winter. 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA010, Warm Creek Road, Summer 2010 (739 hours) 
 
 

 
 
GLCA010, Warm Creek Road, Winter 2010 (991 hours) 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA011, Sewing Machine Road, Summer 2010 (866 hours) 
 

 
 
GLCA011, Sewing Machine Road, Winter 2010 (1004 hours) 
 

 
 



 131

Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA012, Hans Flat, Summer 2010 (861 hours) 
 

 
 
GLCA012, Hans Flat, Winter 2010 (768 hours) 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA016, Lake Canyon, Summer 2010 (1054 hours) 
 

 
 
 
GLCA017, Moki Canyon, Summer 2010 (1056 hours) 
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Appendix VIII.  Percent time aircraft and other human-caused sounds audible at GLCA 
and RABR, summer and winter, 2010 (cont.) 
 
GLCA018, Forgotten Canyon, Summer 2010 (1055 hours) 
 

 
 
 
GLCA019, Hansen Creek, Summer 2010 (1065) 
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Appendix  IX.  Noise free intervals at GLCA and RABR, summer/winter, 2010. 
 

 Summer 

Site 

Non-
Natural 
Sounds 

(Percent) 

Natural 
Sounds 
Only 

(percent) 

Max. NFI 
(minutes) 

Mean NFI
(minutes) 

Field/
Office 

GLCA006 Lone Rock Bay East, recordings not available NA NA NA NA NA 

GLCA007 Wahweap Marina, recordings not available NA NA NA NA NA 

GLCA008 Rainbow Bridge, 20100701, 2200-2300 12.1 87.9 33.48 5.93 O 

GLCA008 Rainbow Bridge, 20100714, 0812-0912 28.1 71.9 6.50 1.97 F 

GLCA009 Iceberg Canyon, 20100611, 1130-1230 84.2 15.8 3.50 0.63 F 

GLCA009 Iceberg Canyon, 20100713, 1432-1532 86.7 13.3 1.83 0.67 F 

GLCA010 Warm Creek Road, 20100622, 1200-1300 11.1 88.90 24.50 7.62 F 

GLCA010 Warm Creek Road, 20100609, 182500-190014 17.0 83.00 12.50 5.85 F 

GLCA011 Sewing Machine Rd, 20100617, 0800-0900 22.3 77.7 13.62 5.18 O 

GLCA012 Hans Flat, 20100612, 120000-123009 0.0 100.00 30.15 30.15 F 

GLCA012 Hans Flat, 20100703, 1145-1215 2.2 97.8 26.00 14.70 F 

 Winter 

GLCA006 Lone Rock Bay East, 20100305, 1100-1200 92.2 7.8 4.08 1.67 O 

GLCA007 Wahweap Marina, 20100303, 1400-1500 99.0 1.0 0.30 0.12 O 

GLCA008 Rainbow Bridge, 20100125, 1137-1207 53.1 46.9 4.83 1.17 F 

GLCA008 Rainbow Bridge, 20100224, 1213-1313 48.1 51.9 8.00 2.23 F 

GLCA009 Iceberg Canyon, 20100201, 2100-2200 54.8 45.2 6.32 2.28 O 

GLCA009 Iceberg Canyon, 20100215, 1300-1400 59.7 40.3 14.83 3.02 F 

GLCA010 Warm Creek Road, 20100205, 0852-0952 17.0 83.0 12.50 5.85 F 

GLCA010 Warm Creek Road, 20100206, 0200-0300 36.5 63.5 5.93 0.63 O 

GLCA010, Warm Creek Road, 20100318, 162600-170316 63.1 36.9 6.37 1.38 F 

GLCA011 Sewing Machine Road, 20100328, 1017-1117 32.2 67.80 16.37 6.78 F 

GLCA011 Sewing Machine Road, 20100302, 0200-0300 4.1 95.9 24.40 15.60 O 

GLCA012 Hans Flat, 20101209, 1010-1110 11.7 88.30 38.33 7.57 F 

 
 
 



 

 

 

Appendix I – FAA Noise Guidance for Park-Related Supplemental 
Noise Studies 





Office of Airport Planning and Programming 

Airport Planning and Environmental Division (APP-400) 

Guidance on Procedures 
for 

Evaluating the Potential Noise Impacts 
of Airport Improvement Projects 

on National Parks and Other Sensitive Park Environments 

Version 1.0 
June,2007 

This guidance provides FAA regional offices and airport sponsors 1 with appropriate 
methodology and procedures for evaluating agency actions that could affect the sotmd 
environments of National Parks and other eligible 4(f)/303c and cultural properties. The 
guidance is intended for use on actions sponsored by the Office of Airports in compliance 
with the National Environmental Policy Act (NEPA). 

The information and procedures presented in this guidance provide the best available 
approach to airport supplemental noise analyses of park overflights. Use of the guidance 
requires coordination with the Office of Airport Planning and Programming, Planning 
and Environmental Division (APP-400) and the Office of Environment and Energy 
(AEE), consistent with the standards set forth in FAA Order 1050.1 E (Appendix A, 
Section l4.5g) and Order 50S0.4B for Airports. Because this is an emerging field, the 
FAA expects to update this guidance periodically to keep pace with advances in the 
underlying acoustic science, assessment methodologies, and approved study procedures. 
Consistent with its best practices for NEPA evaluations, the FAA will take a careful and 
reasonable approach to the possible effects that future updates could have on studies in 
progress. 

For purposes of discussion, the multiple types of government and Tribal lands covered by 
this guidance, primarily publicly owned and accessible Section 4(f)/303c properties, are 
collectively referred to as "parks." 

The decision about whether to perform supplemental noise analysis for a park is based on 
whether "natural quiet" is a recognized attribute at that location. As stated specifically in 
FAA Order 1050.1E: 

"The FAA will consider use of appropriate supplemental noise analysis in 
consultation with the officials having jurisdiction for national parks, national 
wildlife refuges, and hist01ic sites including traditional cultural properties where a 

1 Planning agencies, public agencies, or private airport owners/operators that have the legal and financial 
ability to carry out the requirements of the AIP and PFC Programs. 



quiet setting is a generally recognized purpose and attribute that FAA identifies 
within the study area of a proposed action. Such supplemental noise analysis is 
not, by itself, a measure of adverse aircraft noise or significant aircraft noise 
impact." (Appendix A, Section 14.5g) 

Unless otherwise specified in this document, procedures for conducting supplemental 
noise analysis for parks must adhere to the requirements of FAA Orders 1050.1 E and 
5050.4B as well as other relevant agency policies and statements. Any quantitative 
analysis performed must use the latest public version of Integrated Noise Model (INM). 
In addition, any use of non-standard data inputs or input assumptions for INM modeling 
must receive prior written approval .from AEE in coordination with APP-400.2 

Any proposed modifications to this guidance by the user must be coordinated with and 
approved by APP-400 in consultation with AEE. Documentation to support a request for 
modification should address only the specific differences between the proposal and this 
guidance, without introducing a separate, revised, or supplemental version of the 
guidance. 

The framework for this guidance is built around five areas of activity. Each activity is 
considered or performed in sequence as part of the overall process for conducting a 
supplemental park noise analysis. The areas are: 

I. Noise Screening Assessment 

II. Interagency Coordination 

ill. Protocol Submission and Approval 

IV. Noise Measurement Program (if required) 

V. Main Noise Analysis 

The following guidance provides a detailed description of each of the five areas, 
including the elements, criteria, and methods that are recommended for their successful 
completion. 

2 FAA Order 1050. IE, Appendix A, Section 14.2b and 14.2d. 
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I. Noise Screening Assessment 

The screening assessment is designed to identify parks and other sensitive locations in the 
vicinity of the project that could experience increased or decreased noise levels as a result 
of the project. The quantitative screening assessment is structured to provide 
conservative estimates (i.e., higher impact values) of possible noise effects from the 
project. The screening assessment is generally is limited to potential project-related 
impacts and the relative changes due to the project. A cumulative analysis of overflights 
is not essential to the screening effort and is generally reserved for the main noise 
analysis.3 

The basic functions of the screening assessment are: 

To define an initial area of investigation. 
To identify individual parks that may receive noise increases or decreases 
from the project. 
To determine if further quantitative analysis is needed and if so the 
appropriate amount and level of analysis. 

The screening assessment can also indicate if supporting ambient field measurements are 
justified. Related considerations include whether the park is a National Park or whether a 
quiet setting is a recognized purpose and attribute. In these cases, the FAA will make a 
final determination of the appropriate level of analysis based on the screening results, 
consultations, and examination of a park's mission statement and approved management 
plan. 

Initial data collection for the screening assessment 

The initial collection of data is intended to provide basic information for a noise 
screening assessment of regional parks that could be affected by the proposed airport 
project. The methods of data collection and development for the screening assessment 
are consistent with methods used throughout the study for the main noise analysis. 
However, the level of effort for the initial screening assessment is not as extensive or 
detailed as the main noise analysis (see Section V). 

The noise screening assessment involves two major areas of data development: 1) the 
identification of aircraft operations (source), and 2) the identification of sensitive parks or. 
park areas (receptor locations). For aircraft operations, information is needed on the 
proposed location of flight tracks over parks and the estimated number and type of 
existing and forecasted overflights. For parks, a regional inventory of units should be 
conducted to obtain infonnation about their size and location, management, usage, and 
other distinguishing features. Below is a more detailed description of information needed 
for the assessment: 

3 See Section V (Main Noise Analysis) for further infonnation on data development for overflights. 
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• Regional hwentory of Parks and Sensitive Areas 

The first step in a regional analysis of parks is an inventory of the affected 
environment and the identification of noise-sensitive land uses. These data will 
provide the basis for identifying specific park locations for the initial noise 
assessment and possible future ambient field measurements. This inventory 
should reference a park's enabling legislation or other park-specific mandates that 
confirm the park's expressed purpose and management for quiet and solitude. 

Once a candidate park is identified, several reports and types of documentation 
are needed, including: 

1) The approved park management plan that confirms how the park is 
managed for visjtor use, resource conservation, wildlife protection, etc. 

2) Any completed and approved soundscape plans, a:ir tour management 
plans, or related ambient noise measurement reports.4 

3) A park boundary map, which defines the maximum area of analysis. 
4) A description of the park's major physical characteristics, including 

terrain and land cover. These factors play a part in determining the 
number and type of "acoustic zones" in the park (see Section V). 

5) Ambient noise measurement data for the park or from nearby areas or 
other parks with similar characteristics. 

Jn addition to parks, the regional inventory should collect information on other 
noise sensitive land uses such as residences, schools, and other locations as 
identified in 14 CFR Part 150, Appendix A, Table 1. Supplemental noise analysis 
for these properties may be appropriate also. 

The product of the inventory should be a detailed regional map(s) of the 
properties of interest where noise increases could be expected as a result of new 
or additional overflights from the proposed action. 

• Flight Tracks 

Existing and proposed flight tracks from the airport location(s) should be 
compared to identify park locations within the region where changes in noise 
exposure are anticipated. Special attention should be paid to how existing flight 
tracks and regional airspace design are anticipated to change in the future. 
Factors that may need to be considered are flight corridor relocations, traffic level 

4 It is important to distinguish between approved park planning documents that guide current management 
of park and its sound environments and a park's draft statements or documents on goals or desired 
management practices, which may require further information, fmal balancing for all noise sources in the 
park, more internal coordination, etc. 
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changes, fleet mix modifications, added city-pair routes, and changes in altitude. 
These changes are part of the future baseline and the so-called future no-build 
alternative and are important for a proper comparative analysis of projected flight 
tracks for the new proposed project.5 

The screening assessment should be preformed using existing and proposed 
airport arrival and departure tracks approved by Air Traffic. This analysis should 
apply standard INM arrival and departure profiles and indicate where the track 
geometry for terminal operations joins existing high-altitude flight paths (Victor 
or Jet Airways). 

• Operations 

Similar to developing flight track data for the screening assessment, preliminary 
operational estimates are needed for the existing condition (i.e., baseline) and the 
highest forecast year for the study alternatives. These data will be used to 
estimate the number of daily operations, aircraft types, and runway use patterns as 
well as to forecast how current operations at the airport are expected to change in 
the future. Operational data requirements for the screening assessment include 
the following: 

Number of annual existing and forecasted aircraft operations. For the 
screening assessment, a representative peak level (e.g., peak month average 
day of activity) may be used in lieu of required average annual day operations 
for the main noise analysis 
Operations by aircraft type (fleet mix) 
Operations by time of day (daytime, evening if applicable, or nighttime) 
Operations by runway and runway use configurations 
Operations by flight track 

Sources of operations information include Airport Traffic Control (ATC) operational 
summaries, airport staff, Official Airline Guide (OAG) flight data, conversations with 
ATC personnel and airline operators, and airline fleet information. 

Initial Area of Investigation 

The boundary of the initial area of investigation (IAI) is a ring around the center of the proposed 
project or proposed airport location. Determining theW radius begins with an 
evaluation of the future aircraft fleet for the proposed action. The reference aircraft that 
is selected from the fleet mix oftbe proposed project should represent the following: 

5 It is understood that in the early screening stage ofthe study, the representation of flight tracks, 
operations, loadings, etc. are preliminary and arc likely to be refined as more and better information is 
developed in the course of the study. It is important to emphasis that the purpose of the screening 
assessment is to provide a rough estimate for initial determinations and to provide as much factual content 
as possible early in the study process. 
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A commercial or business jet that typically operates at higher cruise altitudes 
above 10,000 ft. AGL.6 

The slowest climbing aircraft to 10,000 ft. AGL with one (or approximately 
one) daily operation. 

To determine the exact W boundary, a simple analysis with the Integrated Noise Model 
(INM) should be performed using the reference aircraft, its standard departure profile7

, 

and the flight track to which it is assigned in the proposed project that provides the 
greatest distance from the airport. The ground distance from the airport that corresponds 
to the aircraft's location at 10,000 ft. AGL defines the radius of the IAI circumference. 

Jfterrain is a dominant factor in the region, it maybe appropriate to consider the use of 
terrain elevation data in the screening assessment. 8 If elevation data are used, the W 
boundary is based on the reference aircraft ascending to 10,000 ft. AGL or to its 
maximum operating altitude below 10,000 ft. AGL (many small aircraft cannot operate at 
higher altitudes because they are un-pressurized). 

It should be noted that the final smdy area or area of investigation for the main noise 
analysis could differ from the IAI. The final study area may encompass a different 
geographical size or shape. Moreover, it may or may not be contiguous, symmetrical, or 
aligned with political or geographical bolllldaries as a result of functional considerations 
such as park locations or the geometry of existing or proposed flight tracks. 

Level of Analysis 

The noise screening assessment (and main analysis) is performed with the latest version 
of the INM that is available at the start ofthe study. However, INM modeling procedures 
for the screening assessment differ from the standard requirements oftbe main noise 
analysis. The model inputs and asstunptions in the screening analysis are intended to be 
simpler and easier to run. In addition, some worst-case assumptions are introduced into 
the screening assessment in order to assure that potential areas of concern are readily 

6 The use of a 10,000 ft. above ground level (AGL) threshold is based on requirements in FAA Order 
l050.1E, Appendix A, Paragraph 14.5e for airspace actions where the srudy area is larger than the 
irrunediate vicini!y of the airport. In addition, the FAA revised Air Traffic Noise Screening (A TNS) policy 
of January 5, 2001, which addresses airspace changes that may cause controversy on environmental 
grounds, uses 10,000 ft. AGL as the altirude cut-off for evaluating departure procedures (see Federal 
Register Notice, Air Traffic Noise Screen, December 6, 2000, and subsequent policy statements of January 
17,2001 and September 15, 2003. FinaUy, aircraft profile data used for FAA noise modeling are 
established to 10,000 ft. AGL. 

7 TNM standard arrival and departure profiles, which extend to 6,000 ft. and 10,000 ft. respectively above 
airport field elevation (APE), should be extrapolated as needed. 

8 Regardless of whether terrain elevation data are used io the screening assessment, it may be appropriate 
to use them for additional refinement in the main noise analysis. 
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identified. For example, it is recommended that operating levels be represented by the 
high-end forecast of future flight activity. 

In order to maintain a reasonable balance between screening assessment simplicity and 
the use of conservative (higher impact) assumptions, the recommended INM screening 
factors are: 

Standard aircraft types 
Standard aircraft profiles 
Use of track centerlines for flight operations 
High-end forecast operations, including INM stage lengths (i.e., trip distances) 
Use of elevation data if terrain is a dominant factor 

Any proposed use of non-standard aircraft profiles or other non-standard or default inputs 
or procedures must be pre-approved by AEE in coordination with APP-400.9 

INM calculations for the noise screening assessment should include the following: 

All project aircraft operations within a scenario or case. 
Extension ofiNM aircraft profiles to any altitude out to the boundary of the 
IA1 and beyond it a reasonable distance to insure that the assessment accounts 
for all aircraft noise heard within the IAI. 
All project operations that re-enter theW, change altitude within the IAl, or 
that land and takeoff at another airport within the IAI. 

If the screening assessment within the IA1 shows that a park will not receive a noise 
increase or decrease (see "Screening Calculations and Criteria·· below), no further 
analysis is required. However, if a park is likely to receive a noise increase or decrease, 
further analysis ofthe park may be appropriate in the main noise analysis at one of three 
following analytical levels: 

1. Qualitative or descriptive analysis. 
2. Quantitative analysis by means of modeling, statis6cal, or other information 

techniques without field measurements. 
3. Quantitative analysis by means of modeling and supporting field 

measurements of the existing, traditional, and natural ambient sound levels. 

Park Receptors 

Each park may be assigned one or more overlying matrices of evaluation points called 
"grid points." The modeled spacing for a grid point matrix (using Cartesian coordinates) 
should be within a range of approximately 1 to 5 nautical miles (run) depending on the 

9 FAA Order LOSO.JE, Appendix A, Section 14.2d. This written requirement for approval applies to the 
main noise analysis as well as the screening assessment. 
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size of the park, terrain differences, etc. In some cases, the use of discrete grid points 
(lat/longs) at specifically known locations may be sufficient and more effective than a 
matrix of regularly spaced grid points. In other cases, one grid point matrix can be used 
to address more than one park if the parks are in close proximity. 

fu addition to park sites, the screening assessment may include "gateway grid points." 
These selected grid points are located at the outer boundaries of the IAI. They are used to 
show that areas outside of theW will receive less noise than the gateway grid locations 
because of progressively higher climb altitude and lateral dispersion. If noise levels at a 
gateway grid equal or exceed the screening criteria, it may be appropriate to conduct 
targeted grid point analysis outside theW along the related flight path(s) to identify 
other potentially affected parks. 

Noise Metrics 

The combination of noise metrics used for the screening assessment and the applied 
screening criteria also reflect a conservative approach. The recommended metrics are 
intended to elicit information across a wide range of possible aircraft noise effects, 
including the level or loudness, cumulative sound energy, and the time that aircraft might 
be heard. The following four standard A-weighted metrics, which are defined in the 
Glossary, will be applied: 

Day-Night Average Sound Level (DNL)10 

Equivalent Sound Level (LAeqr)11 

Maximum Sound Level (Lmax)12 

Time Above Ambient (T AA) 

Although the airport-based DNL 65 dB significance threshold is not designed to address 
the effects oflow-level noise on visitors to National Parks or national wildlife refuges 
where a quiet setting is a generally recognjzed purpose and attrihute, the 24-how- DNL 
metric can be a useful noise descriptor in many settings. For example, because it has a 
nighttime penalty weighting, the DNL metric can be an effective means of evaluating 
aircraft noise disturbances at night when human activity and ambient sound levels are 
generally lower. 

1° For California proJects, CNEL is used instead ofDNL. 

11 It may be appropriate, for example, to use LAeq1s as the 15-hour daytime penod of 7 am to 10 pm that 
generally represents park vjsitor hours and the period of greatest human exposure. LAeqT (often denoted as 
4q) is a cumulative level of a steady tone that provides an equivalent amount of sound energy for any 
specific period. 

12 INM "standard grid analysis" only identifies the loudest single event at a particular location regardless of 
the number of times it occurs. An INM ''detailed grid analysis'' provides more information about the 
number of overflights per aircraft at specific locations. 
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Screening Calculations and Criteria 

The screening assessment is conducted to consider and compare future aviation noise 
associated with traffic to and from the project airport. The assessment concentrates on 
changes related to noise from the project. It is not focused on a cumulative assessment of 
other aviation noise sources present within the IAI, including en route traffic (i.e., 
overflights), arrivals to and departures from other major airports in the region, military 
traffic, and air tour operations. However, a cumulative analysis can be an important 
component to the main noise analysis that comes later. The early noise screening 
assessment is project-oriented for the following reasons: 

To identify and isolate potential project impacts. 
To provide a conservative assessment (e.g., cumulative analysis often 
shows less project effect). 
To keep the screening process simple. 

While all numerical values are analyzed, the focus of the screening assessment is on the 
increases or decreases that exceed the minimum criteria. These criteria are very 
conservative. Specifically, 3 dB change of exposure (COE) criteria are used to define 
minimum increases in cumulative noise energy (DNL and Leq0 ) due to the project. (note: 
5 dB COE criteria, which are also conservative, are used for cumulative energy metrics in 
the main noise analysis. 1\ The screening methodology is based on the Federal 
Interagency Committee on Noise Report of 1992: 

"A 3 dB change in sound level represents a doubling of sound energy. Although 
it is difficult for the average individual to detect a 3 dB difference in the level of 
two distinct sounds unless they occur very close together, according to Galloway 
(1991), in a community noise environment, the majority of a group of persons 
exposed to a 3 dB change in DNL as a result of changes in aircraft noise exposure 
would characterize the change as "clearly noticeable'' Although a 3 dB change in 
DNL may not represent a significant impact on bwnan health or welfare, 
particularly below DNL 55 dB, a change of this magnitude is considered as an 
indicator of the need for additional analysis." (FICON, Technical Report, Vol. 2, 
Applications of Guidelines Methodology, page 3-15 and 16) 

13 In reference to the "Schultz Curve," an increase of 5 dB at DNL 55 dB resulted in a three percent 
increase in the percent highly annoyed (%HA), similar to what was found for 3 dB at DNL 60 dB and 1.5 
dB at DNL 65 dB (PICON Report, 1992, Technical Report, Vol. 2, Section 3.3.1.1, p. 3-17). Based on this 
scale, an increase of 5 dB below DNL 55 dB represents a very conservative approach to human impact 
assessment, a conclusion that is consistent with the scientific findings oftbe FAA's two large dose-
response studies in National Parks ( 1997, 1998). The DNL 5 dB cwnulative criterion was used on 
numerous major air traffic studies beginning with the Expanded East Coast Plan (EECP) in 1995. It also 
represents the main noise criterion for evaluating changes in air traffic procedures (Air Traffic Noise 
Screening Procedure, revised September 15, 2003) and has been extended procedurally to low level 
environments in several major park studies. 
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For maximum sound levels of single events (Lmax), the screening assessment and main 
noise analysis both use a COE of3 dB, which reflects a "barely perceptible" change in 
the sound environment. The Lmax is the maximum sound level that occurs during a 
specified period and corresponds to a specific aircraft event. The 3 dB COE is more 
conservative than the other commonly used level of 5 dB COE, which refers to a "readily 
perceptible'' change in the sound environment. 14 

COE Ambient Threshold Rules 

In a low-level sound envirorunent, the ability to hear aircraft noise or any other source of 
interest can be influenced by the prevailing ambient sound level. Since ambient sounds 
can "mask" other noise sources (including aircraft noise), it is necessary to reference 
estimated aircraft noise levels against local ambient sound levels. The criteria for 
determining whether to count a change in aircraft noise above or below the ambient 
sound level are provided below. 

Although the refmed development of park acoustic zones with multiple ambient sound 
levels may be needed in the main noise analysis, the noise screening assessment only 
requires a single A-weighted ambient value for the entire park. This estimated average 
value should be derived from the best available information for the park, preferably 
recent noise measurement data. If such data do not exist. then available data from the 
nearest parks or areas with similar topography (e.g., terrain elevation. ground cover) 
should be used. If the park is managed primarily for quiet settings and if the data are 
available, the natural average ambient sound level should be used for the screening 
assessment. This is a conservative approach (i.e. highest estimated impacts) for the 
screening assessment. The approach for the main noise analysis will typically rely on the 
existing ambient level or a hybrid of ambient levels depending on park management and 
visitor use, multiple ambient zones, and other factors. 

A "change" in noise exposure (increases or decreases) must be equal to or greater than 3 
dBA as applied to each noise descriptor (i.e., DNL 3 dB, Leqn 3 dB, and 3 dB for 
Lmax 1 5

). The reportable 3 dB A noise level changes are determined from a comparative 
grid point analysis between the proposed action and the future no-action baseline. The 
four all-encompassing COE rules in relation to the ambient threshold are provided below: 

An increase is counted when the baseline noise level is below the ambient 
threshold and the change due to the project exceeds it. 

A decrease is counted when the baseline noise level is above the ambient 
threshold and the change due to the project ends up below it. 

14 Reference provided by Jolm A. Volpe National Transportation Systems Center, Acoustics Lab: Acoustic 
Noise Measurements, J.R. Hassall and K Zaveri, January 1979, "Dealing with Decibels," p. 33. 
15 It is important to note that a 3 dB change in DNL does not necessanly equate to a 3 dB change in L.,qn or 
L.nax. Leqn is often set at Leq15 to reflect daytime exposure during park visitor hours. 

10 



If the starting baseline condition and change due to the project are both 
above the ambient threshold, an increase or decrease is counted according 
to the direction of change. 

If the starting baseline condition and change due to the project are both 
below the ambient threshold, the change is not reportable as an increase or 
decrease (i.e., the change is assumed to be 'masked') 

Cunently, there are no quantitative criteria for time-based metrics. Therefore, the 
screening assessment data for TAA should be presented in minutes and/or percentages 
per day and evaluated qualitatively. The graphical presentation of TAA data will vary 
from study-to-study and perhaps site-to-site depending on the range ofTAA results. The 
graphical presentation ofT AA results should be based on roughly proportioned "bins" of 
data (e.g., 0-10 minutes, 10.1-25 minutes, 25.1 to 45 minutes). 

Screening Determination 

Based on the results of the noise screening assessment, a determination should be made 
as to whether to proceed under this guidance with further supplemental noise analysis. In 
the event that no screening threshold(s) is exceeded, no further analytical steps or 
quantitative analysis are recommended unless such analysis is justified by exceptional 
overriding concerns. If a threshold(s) is exceeded in the screening assessment, additional 
information and resources should be obtained through a process of interagency 
coordination (Section ll). In addition, the guidance in this document should be 
implemented to obtain agency approval of a proposed scope of work (Section ill), to 
conduct field measurements if necessary (Section N), and to perform the main noise 
modeling analysis (Section V). 
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II. Interagency Coordination 

Several factors determine the appropriate level of coordination with regional resource 
agencies, Tribes, and individual parks. An early factor in the process is the designation 
of"Cooperating Agencies" in the FAA study. These agencies may be participating in the 
study precisely because of the proposed supplemental noise analysis for parks. Another 
early factor for considering agency and park coordination is comments received during 
the EIS scoping period. 

Additional information for establishing an appropriate level of interagency coordination 
is the previously discussed regional inventory of parks and noise screening assessment. 
The results ofthe screening assessment should clarifY the parks of concern within the IAI 
and the estimated level of potential impact. This information will indicate which 
managing resource agencies and organizations should be contacted in addition to any 
others that have already been contacted or may be involved. 

In order to guarantee that all interested parties are aware of the proposed project and its 
park implications, the summary results of the noise screening assessment should be 
provided to resources agencies with potentially affected parks within the IAJ. This 
information can be transferred to resource agencies through separate mailings or as part 
of a meeting with the relevant organizations. The information should indicate the initial 
agency estimate of where there are likely to be potential noise increases, noise decreases, 
and no change or impact. 

Trus process is designed to verify the initial inventory of park properties and to elicit any 
new or outstanding concerns from resource agencies about existing parks and sensitive 
park areas or managed resources. Depending on the responses received, additional 
outreach to some resource agencies may be useful for identifying possible concerns that 
could arise in the future. Park information that is needed or would be useful includes: 

Approved park management plans 
Approved soundscape plans 
Other relevant land-use and planning documents 
Available noise measurements from scientific testing programs within the 
park 

The analytical goals of the coordination process are to identify gaps in existing data and 
to find common ground on how to proceed if necessary with data development for the 
main noise analysis (see Sections Nand V). The discussion ofinfonnation requirements 
for individual parks is likely to include the fol1owing subjects: 

The level of noise analysis required, if any. 
Data sources for existing and forecasted conditions. 
The need for noise measurements. 
The number of acoustic zones. 
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The appropriate supplemental methodology and procedures to use for a 
recommended analysis. 

As part of the data development process, coordination with resource agencies is needed to 
develop reasonable forecasts of air tour and other low altitude VFR traffic over the parks 
of interest. Development ofF AA-approved forecasts should be based on FAA activity 
forecast data, experiential information from the park, interviews with GA and air tour 
operators, etc. The forecasts will include proposed :flight tracks for the project, for other 
area airports, and for en route traffic along high-altitude Victor or Jet Airways. The 
volume and type of aircraft that are expected to fly these tracks will be estimated also. 

As indicated by the discussion above, interagency coordination can require substantial 
time in the process and should be factored accordingly in the schedule. 
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III. Protocol Submission and Approval 

Based on the results of noise screening assessment and coordination with affected 
resource agencies and/or tribal governments, the airport sponsor should have sufficient 
infonnation to determine the scope of work for the main portion of the supplemental 
noise analysis. Before conducting the main noise analysis, the responsible FAA office 
must receive approval from the FAA Office of Environment and Energy (AEE) in 
consultation with the FAA Planning and Envirorunental Division (APP-400). As stated 
in FAA Order lOSO.lE: 

"Offices within FAA must consult with and receive approval from ABE in 
detennining the appropriate supplemental noise analysis for use in such cases." 16 

The protocol should include a brief background description of the project and a clear and 
concise discussion of the specific methodology that is proposed for the supplemental 
noise analysis of parks. Subjects and related recommendations in the protocol should 
include the selected parks, possible ambient noise field measurements, the type of 
analysis and supplemental noise metrics, and how analysis results will be reported and 
presented in tabular and graphical form. Any deviations from the guidance provided in 
this document or other related FAA regulations and standards must be noted and 
presented in the protocol for APP-400 and AEE review and approval. This requirement 
includes the identification of any methodology, impact criteria, etc. that are received from 
the participating parks and resource agencies for FAA consideration. 

The protocol should be addressed to AEE-1 00 from an Airports Regional Manager 
through the Manager of APP-400. Transmittal of the protocol to AEE must be through 
APP-400. Early consultations with APP-400 on the draft protocol are encouraged to 
facilitate Headquarter review and approval. 

16 FAA Order !050.JE, Appendix A, 14.5g, p. A-65. 
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IV. Noise Measurement Program (if required) 

Analysis of aircraft noise over parks can sometimes benefit from supporting field 
measurements of park ambient sound level conditions. The benefit can be substantial for 
understanding the noise issues in some parks, while little benefit may be accrued for 
others. Because the noise measurements that are recommended in this guidance are 
expensive to perform, the FAA must carefully detennine whether the benefits of local 
measurements justify their time and cost to plan and administer. 

Ambient measurements contribute to better infonnation about the local park environment 
in several ways. The measured ambient sound levels can be used to get a better sense of 
variations within a park, how to map these levels to acoustic zones across the entire area 
of a park, to compute ambient categories (e.g., existing, traditional, and natural), and to 
identify different natural and human source contributions (e.g., wildlife and insects, 
voices, ground vehicles, aircraft, maintenance equipment). 

The FAA recognizes that each park is unique with a different number and mix of park 
management and acoustic zones. For this reason, each park needs to be treated 
independently for purposes of selecting noise measurement sites and conducting the 
measurements. Yet while each park is different, and is managed differently, initial 
scientific data appear to support generalizations appropriate for parks and park locations 
that share certain acoustic characteristics: 

Ambient levels tend to be consistent from year to year at the same location. 
Within large regions of the country (e.g., the Southwest), parks with similar 
terrains and vegetative land cover experience similar ambient levels for 
comparable acoustic zones. 

Because some parks are similar, the first step on the subject of noise measurements is to 
determine whether there is a sufficient basis for measurements. It is possible that existing 
data from an earlier time or from a nearby park are available and can be applied to the 
current study. As more and more parks collect measurement data, there is an increasing 
chance that comparable data already exist and that more data collection would not be 
necessary. 

Ambient noise measurement programs are designed to provide representative values that 
are used to develop a comprehensive data set and map of ambient levels over the entire 
park. 

In planning the noise measurement program, the decisions about the number of sites, 
hours, etc. must account for the fact that it is not feasible to measure all hours and all 
seasons or minor acoustic zones. Therefore, a reasonable and cost-effective ambient 
noise measurement program must be based on some sample of park areas, hours, seasons, 
and other factors. 
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Ambient noise measurement programs for parks need to adhere to standard 
methodologies and procedures to be scientifically defensible and comparable to past 
analyses. The recommended process for collecting and analyzing ambient data in parks 
is outlined below: 

Park Identification 

Determine the candidate parks that may need ambient noise measurements based on the 
W, the screening assessment, the evaluation of existing ambient data, and agency 
coordination. 

Planning Meeting 

Conduct one planning meeting with park personnel at each park where measurements 
will be performed. Obtain the following detailed information about the park for purposes 
of determining the number and location of measurement sites and lhe work schedule. 

Clarify park purposes and uses 
Identify acoustic zones based on factors such as: 

o Land cover and vegetation 
o Topography 
o Climate regions 
o Ecological domains (if two different wildlife habitats have the same 

acoustic characteristics, it is not necessary to monitor both habitats) 
Determine how acoustic zones overlap with designated park management 
areas (indicators of noise sensitivity) 
Identify logistical issues for site access 
Examine seasonal and time-of-day considerations 
Discuss the amount and type of data to be collected in relation to a balanced 
assigrunent of frontcountry sites (e.g., visitor centers, overlooks) and 
backcountry sites (e.g., wilderness areas) 
Develop list of candidate measurement sites and proposed measurement times 
for each site 

Site Inspection 

Perfonn an initial inspection of candidate sites and obtain permit waivers 

Evaluate access and security 
Consider equipment types, setup guidelines, speciaJized microphones, etc. 
Identify other special locations, data needs, and timing considerations 
Obtain petmit waivers and assistance for park access 
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Conduct measurements 

Implement the measurement program, including data collection, reduction, 
analysis, and reporting of the ambient data.17 Reporting should be done 
through tables and graphs to provide meaningful information and 
characterization of the affected environment. 

o Average ambient levels carried fOJward to the noise assessment will be 
based on the median level (Lso) of the existing, traditional (i.e., 
existing ambient without source of interest), and natural ambient sound 
levels. 

o The L9o level lacks viability and is less meaningful than the Lso 
existing, the l 5o natural, and other metrics. If the Lw or other Ln 
statistical levels are recommended and permitted by APP and AEE, 
these levels will only be reported for purposes of disclosure and wiJl 
not be used in any part of the analysis. 

Process ambient data for the foliowing uses: 

o Ambient map development. 
o Direct use as INM input(s) to the calculation of time-based metrics. 
o Indirect use a reference threshold(s) for energy-based cumulative and 

single event metrics. (see Section I: "COE Ambient Theshold Rules") 

Additional guidance and technical information is provided in Appendix A on noise 
measurement procedures, data reduction and analysis requirements, and equipment 
specifications. 

17 
One-third octave band measurements and other related requirements are presented in Appendix A. 
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V. Main Noise Analysis 

The main noise analysis is a detailed technical evaluation of predicted aircraft noise 
impacts on identified park environments. The analysis builds on information used in the 
initial screening assessment but is more rigorous and comprehensive in scope. 

Operations for Project and Cumulative Effects 

The main noise analysjs provides a refined look into both project and cumulative effects. 
For both of these study levels. the following information is required for evaluating and 
modeling airport and airspace· activity: 

Runway layout and coordinates 
Runway end utilization 
Arrival, departure, and touch-and-go flight track locations 
Aircraft arrival and departure profiles 
Flight track utilization by aircraft type 
Annual operations and aircraft fleet mix 
The time of day that operations occur 

The discussion below addresses the needed areas of information for the supplemental 
noise analysis. Some of these areas are not unique to supplemental analysis, such as 
flight track development, operations and fleet mix, forecast activity, and track loading. 
However, there will be important differences in application when doing a regional parks 
analysis, primarily in the amount of air traffic and operator data that are needed to 
analyze potential cumulative effects. 

• Flight Tracks 

The identification of flight tracks and air traffic procedures for the project airport 
should encompass existing and future airspace operations. The flight tracks or 
corridors will include all arrival and departure flight tracks to/from the airport and 
their interface with the en route envirorunent within the study area. All en route 
flight tracks and operations within the study area should be analyzed, including 
overflights from area airports and commercial traffic along high-altitude flight 
paths (Victor and Jet Airways). 

Appropriate sources of information for flight track data include Air Traffic charts, 
FAA radar data, surveys, and interviews. Below are some of the recommended 
steps for co11ecting and compiling data for existing flight track infonnation and 
for developing a projection of new flight tracks as appropriate for the future 
project. 
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The extraction and use of existing Air Traffic radar data (e.g., ETMS, ARTS, 
SARS) provide reliable information for improving an airspace analysis. The 
benefits include: 

Improved modeling inputs for the development of representative airspace 
and aircraft procedures. 
Information to support a reasonableness check between measured and 
modeled noise levels for aircraft sources and ambient noise conditions. 
Better identification of individual aircraft events as part of a possible noise 
measurement program. 

Establish Protocols for Acquiring Radar Data: Confer with FAA staff at 
AR.TCC facilities to define protocols and to secure electronically readable 
radar for the area surrounding the airport. The most recent radar data 
available should be requested. Data applications should be submitted as early 
as possible to the appropriate Air Route Traffic Control Center (ARTCC) or 
other Air Traffic facility. 

Amount of Radar Data: There are no minimum requirements for the amount 
of radar data but enough data should be obtained to provide an accurate 
representation of how the airspace is managed throughout the year. Twenty 
days of representative radar data are recommended for both terminal and en 
route operations. Longer sampling periods are recommended for airports 
where there is low activity (e.g., un-towered) or where it is difficult for 
ARTCC data to capture ground level procedures due to topography. 

In addition, there should be adequate area coverage of the radar data to 
analyze the airport, other airports within the region, and en route traffic over 
the parks of interest. 

Processing of Radar Data: The radar data should be processed to delineate the 
anticipated traffic corridors and levels of operations captured by the 
automated radar systems at the en route traffic centers. These data will feed 
later evaluations oftraffic loadings assigned to each modeled flight track. 

The terminal and/or en route data collected should be used to develop aircraft 
operational data needed to model the baseline or current year: 

Process SARS, ARTS, ETMS, and/or Aircraft Situation Display to 
Industry (ASDI) radar data. If necessary, synchronize/match radar 
data from multiple ARTCC facilities. Radar data processing IS 

designed to yield the following data needed for noise modeling: 

o Flight tracks by user group. 
o Overflights through the study area on high altitude jet routes. 
o Overflights through the study area on low altitude Victor 

routes. 
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o Airport-specific arrival and departure tracks. 
o Altitude/distance profiles by class of aircraft, including 

comparison of turn radii, climb and descent rates, and track 
dispersion. 

o Track utilization characteristics by aircraft type and time of 
day. 

Develop information describing VFR traffic 

o Route descriptions, including itinerant traffic, local traffic 
patterns, special use routes (air tours, etc.), and military routes. 

o Utilization patterns by aircraft type and time of day. 
o Altitude/distance profiles. 

• Operations and Fleet Mix 

The managers of airports in and near the study area should be consulted for data 
on aircraft operations, lists of based aircraft and owners, lists of tenants operating 
and maintaining aircraft, and plans for future airport improvements. Copies of 
recent master plans, environmental assessments, air service studies, and passenger 
and operations forecasts should be obtained wherever available. 

Interviews: Through a questionnaire and/or personal interviews, survey local 
operators for all sectors of aviation. The questionnaires or interview questions 
need to be coordinated with the full project team before the interviews are 
conducted. The data obtained in this process for local operations and overflights 
will be used for an assessment of cumulative effects. The main aviation sectors 
are: 

Commercial Operators - All commercial operators, including fixed base 
operators (FBOs) and air taxi operators at each of the local airports snoulci 
be contacted for infonnation about operations and scheduling. 

GA Operators Using Local Airports- VFR operations data (activity and 
tracks) for general aviation (GA) airports may not be readily available. 
Therefore, it is often necessary to survey GA aircraft owners using the 
local airports to obtain information about their activity (usual destinations, 
frequency of flights, etc.). 

Air Tour Operators (if applicable) - Obtain flight activity information 
from all air tour or other commercial operators known to operate in the 
vicinity of the airport and parks of interest. 

20 



MiJitary Operations - Obtain general information on military activity in 
the region, including training routes and level of activity. This 
information may not be readily available and may take more time than 
expected to obtain. 

• Forecast Aviation Activity 

The next stage in the noise analysis involves the development of aviation activity 
forecasts for the description of the affected envirorunent and the environmental 
consequences of the proposed service and alternatives. The forecasts of future 
operations and/or airspace modifications are compared with the study alternatives 
for resulting changes in noise for each scenario. 

Sources that should be consulted in the development of activity forecasts include 
local airport master plans, environmental assessments, air service studies, and the 
FAA's most recent Terminal Area Forecasts (TAF). In addition, FAA regional 
and national route forecasters should be contact to help extract route usage data 
and forecasts for Victor and Jet airways. 

The outcome of this process should be a recommended set of project-based 
forecasts for the study years based on the best available infonnation, sound 
professional judgment, and a conservative approach. The forecasts are developed 
into a set of refined operations (landings and takeoffs) and aircraft fleet mix 
forecasts for constrained and unconstrained conditions at the airport. The 
forecasts sometimes need to be refined further. For example, oftentimes there is a 
need to provide activity forecasts by season or daytime and nighttime hours (after 
2200 hours and before 0700 hours). 

• Track Loading 

Determine existing traffic loadings along each flight conidor and track based on 
collected infonnation about the location, volume, time of operation, aircraft type, 
and seasonality of aircraft that operate at the airport and that fly over parks of 
interest and other sensitive properties in the vicin1ty of the airport. These 
assigrunents also need to be performed for all of the alternatives. and scenario 
years of the study. 

Levels of Analysis 

There are may be two or three analytical levels to a supplemental noise analysis involving 
parks depending on whether a community-based regional analysis is also justified. The 
standard and supplemental categories of analysis are described below: 
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• Standard required noise contour analysis for the airport environs and 
neighboring communities (contour generation at DNL 65 dB and no lower 
possibly than DNL 60 dB). 

• Supplemental regional (SR) grid point analysis for an extended community
based evaluation of the regional area surrounding the airport. 

• Supplemental parks (SP) grid point analysis for "national parks, national 
wildlife refuges, and historic sites including traditional cultural properties where a 
quiet setting is a generally recognized purpose and attribute that FAA identifies 
within the study area of a proposed action."18 

The standard noise analysis involves a comparison of existing and future DNL contours 
to identify areas of expected changes in the vicinity of the airport. 

In cases where there are recognized sensitive locations outside of the standard airport 
analysis, there may be a need to perform selected supplemental analysis in the greater 
vicinity of the airport (SR). Another reason for this level of analysis may be to provide 
an appropriate balance to a park evaluation. For example, alternatives that shift aircraft 
noise away from parks may have unintended consequences on neighboring communities 
or other sensitive locations outside the park. 

Terrain Underlay Mapping 

There are two levels of terrain data that lNM can process and that may be cost-effective 
in improving the accuracy of the analysis: 

Terrain elevation data 
Advanced digital terrain mapping data for INM analysis of barrier or shielding 
effects 

Supplemental Noise Metrics 

The use of supplemental metrics is intended to elicit information across a wide range of 
possible aircraft noise effects. These effects include noise level or loudness, cumulative 
sound energy, the time that aircraft noise exceeds the ambient sound level, and the 
frequency of events above selected sound levels. The following is a list of common 
supplemental noise descriptors that may be approved by APP and AEE for a park 
analysis: 

18 FAA Order 1050.1E, Appendix A, Section 14.5g. The study area for the main noise analysis is 
sometimes referred to as the area of investigation (AI). 
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Day-Night Average Sound Level (DNL)19 

Equivalent Sound Level CLAcqr)20 

Maximum Sound Level (Lmaxi 1 

Time Above Ambient (TAA) 
Time Audible (TAUD) 22 

Number of Events per day above a specified average ambient level(s) 
Change in Exposure (delta dose/DDOSE) 

Change of Exposure Criteria and Minimum Thresholds 

The criteria for the main supplemental noise analysis are as follows: 

+/- 3 dB change of exposure (COE) for single event loudness (e.g., Lmaxi3 

+/- 5 dB COE for cumulative noise descriptors (e.g., DNL, Leq) below 60 dB 
+/- 3 dB COE for cumulative noise descriptors between 60-65 dB 
+!- 1.5 dB COE for cumulative noise descriptors above 65 dB 

These criteria are used for analysis involving both project-based and cumulative impact 
assessments. Note that the COE ambient threshold rules and the criteria above are the 
same as for the screening assessment (see Section n, except for a 5 dB COE criterion for 
cumulative noise descriptors (e.g., DNL, Leq).24 

19 For California projects, CNEL is used instead ofDNL. 

10 Multiple time periods for LAeqT (often denoted as Lev may be used as needed. For example, L,....q15 is the 
15-hour daytime period of7 am to l 0 pm that typically represents park visitor hours and the period of 
greatest human exposure. L AeqT is a cumulative level of a steady tone that provides an equivalent amount 
of sound energy for any specific period. 

21 INM "standard grid analysis" only identifies the loudest single event at a particular location regardless of 
the number of times it occurs. Because the reference aircraft should operate on a regular basis, the Lmax 
analysis may need to include an lNM "detailed grid analysis," which reports the number of overilights per 
aircraft. 

22 While the National Park Service (NPS) is particularly interested in the ability to calculate T AUD for 
National Parks, the inclusion ofT AUD m INM should not be presumed to constitute an endorsement of the 
metric over others. Neither should aircraft audibility, when calculated, be presumed to be a measure of an 
adverse or significant impact. Recent FAA Airports experience with TA UD raises concerns about the 
metric's accuracy, particularly for high-altitude overflights and areas of high activity. Further technical and 
scientific review of the applied acoustics and calculations for this metric is recommended. 

23 A 3 dB COE criterion for smgle event loudness represents a ''barely audible" level. Scientific studies 
have shown the human ear cannot generally distinguish changes in sound level ofless than two or three 
decibels. 

24 A 5 dB COE criterion for cumulative noise descriptors is considered very conservative for impact 
assessments below45 dB. These criteria are based on FAA Order 1050.1E, Appendix A, Section 14.5d 
and 14.5e for airspace actions. In reference to the "Schultz Curve,'' an increase of5 dB at DNL 55 dB 
resulted in a three percent increase in the percent highly annoyed (%HA), similar to what was found for 3 
dB at DNL 60 dB and 1.5 dB at DNL 65 dB (FICON Report, 1992, Technical Report, VoL 2, Section 
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It should be emphasized that the minimum noise thresholds used for SR and SP analyses 
are different. For SR analysis, the minimwn threshold or "floor'' is 45 dB or above (i.e., 
45 DNL, 45 Leq, etc,). For SP analysis, the minimum threshold is the measured or 
estimated ambient sound level(s). 

Spectral Ambient Data Review 

Local spectral (one-third octave band) ambient measurements are required for an 
appropriate and accurate supplemental noise analysis using the audibiJity metric (TAUD, 
see below). No default or A-weighted ambient levels may be substituted for spectral 
ambient measurements. 

In accordance with INM procedures for the use of audibility, the collection of spectral 
data for audibility analysis must be reviewed and approved by AEE prior to its use on the 
project. To ensure appropriateness and quality control, AEE will assess the ambient 
sound level data on the basis of factors such as existing vs. natural sound levels, 
measurement locations, and the types of methodology used to derive the data. Additional 
information on the INM spectral ambient data format may be obtained from AEE and 
lNM release notes. 

Graphical Output 

• Ambient maps 

Ambient maps for parks are constructed using the local ambient measurement 
data for existing, traditional, and natural ambient levels. They are based on a 
park's distinct characteristics, including terrain, vegetation, wind, and land use. 

The methodology used to develop the maps must conform to the standards 
previously applied to this work on completed airport EISs. Depending on the size 
of the study, statistical levels, and the use of A-weighted or one-third octave band 
data, ambient map development and graphics can be extensive. Such work should 
be considered carefully in cost estimates. 

Currently, the technology to develop ambient maps resides at the John A. Volpe 
National Transportation Systems Center (Volpe Center) Environmental and 

3.3. 1.1, p. 3-17). Based on this scale, an increase of5 dB below DNL 55 dB represents a conservative 
approach to human impact assessment, a conclusion that is consistent with the scientific fmdings of the 
FAA's two visitor dose-response studies in National Parks (1997, 1998). A DNL 5 dB change of exposure 
criterion bas been used on all aitport and air traffic supplemental noise studies beginning with the 
Expanded East Coast Plan (EECP) in 1995. It also represents the main noise criterion for evaluating 
changes in air traffic procedures (Air Traffic Noise Screening Procedure, revised September 15, 2003) and 
has been extended procedurally to low level environments in severdl major park studies. 
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Modeling Division. These INM and GIS software utilities and interfaces are 
available upon request fi-om AEE and Volpe Center. 

• Analysis results 

Based on the comparison of existing airport and proposed project activity, noise 
increases or decreases found at designated grid point locations should be 
presented in tabular and graphical form. Grid point mapping should follow the 
guidelines below: 

Area representation of regular grid point values should use squares of 
equal proportion that completely fill the grid area (map) and leave no 
gaps. This method provides a modeled prediction for every location. 
Uniquely colored dots or circles are recommended for illustrating the 
results at special or discrete grid point locations (latllongs). This provides 
a means of presenting both fields of data in one complete graphic. 
Area mapping of grid points for increases and decreases in noise should 
employ the conventional color palette from purple or blue (greatest noise 
decreases) to red (greatest noise increases). 
Grid points or areas of"no change" (see below) should be depicted 
transparently (no color) within the boundary line. 

For energy-based noise metrics, the graphical index and application is built upon 
the objective criteria established for change of exposure (e.g., 3 dB increments for 
Lrnax changes and 5 dB increments for Leq changes). Zero to +/-3 dB or +/-5 dB 
respectively are considered "no change." 

Currently, there are no quantitative thresholds for time-based metrics. Like the 
noise screening assessment, the time-based data should be presented in minutes 
and/or percentages and evaluated qualitatively. The graphical presentation of 
time-based data may vary by park, alternative, or scenario depending on the range 
ofTAA results. However, for purposes of a clear and effective graphical 
presentation, the results need to be organized on a proportional or roughly 
proportional basis of equal "bins" (e.g., -45 to - 25.1 minutes, -10.1 to -25 
minutes, -1.1 to -10 minutes, -1 to 1 minute (no change), 1.1 to 10 minutes, 10.1 
to 25 minutes, 25.1 to 45 minutes). 
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APPENDIX A 

Airport Guidelines 
for 

Ambient Sound Level Measurements in Parks25 

The information below provides a description of the recommended practices for 
developing and implementing a noise measurement program in park environments. The 
information includes site selection factors based on acoustic zones and temporal 
considerations, equipment specifications, and how to collect, analyze, report, and apply 
the data for modeling. These functional areas are described in the following sections; 

I. Development of Acoustic Zones 
2. Temporal Considerations 
3. Measurement Site Selection 
4. Equipment Types and Setup Guidelines 
5. Data Collection 
6. Data Processing 
7. Data Analysis 
8. Ambient Map Development 
9. Data Reporting 
l 0. Computer Modeling 

Glossary 

1. Development of Acoustic Zones 

Areas of like vegetation, land cover, topography, elevation, and climate arc often referred 
to as "acoustic zones." These zones reflect the likelihood that similar animals, physical 
processes, and other sources of natural sounds occur in similar areas with similar 
attributes. Acoustic zones are assumed to exhibit similar natural sound sources, sound 
levels, and propagation and attenuation properties. For example, some parks have large 
backcountry and wilderness areas but a few representative measurement sites will insure 
full coverage of these areas. 

25 This interim guidance should be supplemented whenever possible with information contained in the 
1998 report "Draft Guidelines for the Measurement and Assessment of Low-Level Ambient Noise." This 
document was prepared for the FAA by the John A. Volpe National Transportation Systems Center (Volpe 
Center) aod remains a useful reference ir, several areas, including terminology, procedures, observer 
logging, and basic ambient data collection categories. Technical questions regarding the equipment and 
procedures recommended in this document should be addressed to the Environmental Measurement and 
Modeling Division at Volpe Center. 
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In addition, acoustic zones developed for the analysis should accow1t for other factors 
such as park management zones, visitor use, and wildlife habitats. Indeed, parks may 
manage similar geographic area in many different ways. Park management areas are 
often categorized by their use or objective (e.g., primitive, semi-primitive, rural natural, 
semi-urban, and urban) and by the level ofvisitor use (e.g., high, medium, low). 

In developing acoustic zones, land cover/vegetation (e.g., effects such as ground 
attenuation, wind-in-foliage) and climate/ecological domain are the two greatest technical 
factors influencing how sounds propagate from source to receiver. Local factors such as 
gradients of elevation, fire and flooding can modify physical conditions greatly. This 
may result in areas that are distinct acoustic zones within the same land cover type and 
ecological domain. For example, ponderosa pine, lodgepole pine, and subalpine fir
spruce forests are distinct ecosystems of Evergreen Forest land cover in the Rocky 
Mountain Ecological Division. Most park units have identified and digitally mapped 
primary vegetation and topographic types, and a review ofthese data is the first step in 
identifymg the potential number and types of different acoustic zones in a park unit. 
Typically, 3-5 acoustic zones cover> 75 percent of the park. 

Baseline acoustic data should be organized in accordance with the format of the National 
Land Cover Data (NLCD) and NatureServe (Vogelmann et al. 2001; Comer et al. 2003). 
Developed by the U.S. Geologjcal Survey (USGS), the NLCD is the only nationally 
consistent land cover data set in existence and is comprised of twenty-one NLCD 
subclass categories for the entire U.S. 

Measurement site selection is based on the number of acoustic zones within a park and 
not park size. As discussed, the major factors in mapping primary acoustic zones are 
vegetation, land cover, topography, elevation, and climate. At least one measurement 
location should be selected within each of the primary acoustic zones. Care should be 
given to avoid including dissimilar ecosystems within an acoustic zone, particularly ifthe 
seasonality or types of natural sounds are expected to differ significantly. 

Research is continuing with the FAA and NPS to determine how natural acoustic 
conditions and zones may be generalized or transferred. Current finctings suggest that it 
maybe possible to extrapolate acoustic data collected in specific park units to other parks 
with similar acoustic zones. 

2. Temporal Considerations 

Factors to consider in the accurate assessment of ambient acoustic conditions include 
times of potential acoustic variability, such as seasonal and diurnal/nocturnal variability. 
In terms of the potential for annual variability, the recommended measurements within 
the current year shall be considered representative because it is not economically possible 
to collect acoustic data for multiple years. 
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The variability of sound pressure levels over long periods and the variability of sound 
sources at a given location are not well Wlderstood. Figure 1 below illustrates seasonal 
variability in a yearlong data set from Bryce Canyon National Park. These measurements 
were made in open Ponderosa Pine vegetation. The median (Lso) of all hours from 0700-
1700 for all months shows differences between summer and winter months (it is 
considerably quieter in the winter). 
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Figure 1. Monthly sound levels (L5o dB A for 0700-1700) for Bryce Canyon National 
Park, Fairyland area, May 2002 to April 2003. 

It is understood that more measurement data naturally increases the accuracy of resulting 
ambient average soWld levels for modeling analysis. 26 To balance the need for 
measurement accuracy with realistic cost considerations, a maximum often measurement 
days is allowed per site. If the park requires two seasons of measurements, then each site 
will be measured for 5 days per season, not to exceed 10 days per site.27 

The 1 0-<iay measurement period should be perfonned continuously over a 5-day, 6-day, 
or 7-day week. If data collection is over a continuous 5-day period, four of the days must 
be weekdays. For a continuous 6-day period, 5 of the days must be weekdays. For a 
continuous 10-day collection period, 8 days must be weekdays. Saturday is the preferred 
weekend day. 

26 Ambient data analysis for Air Tour Management Plans (ATMPs) suggests that a 10-14 day measurement 
period would usually limit measurement uncertainty to ± 5 dB between the sound levels of a given season. 

27 An exception to the measurement duration limit is aU owed if statistical analysis of the recorded natural 
ambient data for 10 days is perfonned and this analysis shows low internal reliability or data 
inconsistencies. A supplemental request for additional measurements beyond 10 days must be approved by 
APP. 
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It is recommended that measurements at most sites extend over the complete 10-day 
period to increase data reliability. However, shorter than 1 0-day periods may be 
adequate in some cases, especially for measurements in the frontcountry or within close 
proximity to localized sound sources, which generally do not vary substantially in level, 
such as waterfalls, river rapids, train tracks, and busy visitor centers. For the purpose of 
characterizing attenuation rates of such sound sources, acoustic data should be measured 
simultaneously at a minimum of two distinct distances from the source, so as to 
characterize a reference level and the rate at which sound level decreases with increasing 
distance from the source. In such situations, relatively short sample periods of 4 to 8 
hours may be adequate (assuming little variability in the area's attenuation properties). 

TimeofDay 

Measurements at each site are authorized up to 24-hours per day to a maximum of240 
hours oYer 10 days. Fewer measurements hours and days are acceptable if deemed 
sufficient. The collection of24-hour data at multiple areas within the park that reflect 
visitor use and natural conditions allows for maximum flexibility in the noise 
measurement analysis (e.g., day/night comparisons for such considerations as daytime 
visitor use and overnight camping). It may be appropriate to concentrate observer log 
data at various times of interest (e.g. if an area is only used between 0700 and 1 900). 

Ambient sound levels may vary as a function of time-of-day. For example, winds tend to 
increase later in the day, and as such it can be expected that higher ambient sound levels 
will be measured in the afternoon as compared with the morning. Similarly, higher 
ambient sound levels may occur at night due to increased insect or wildlife activity. If a 
daytime analysis is appropriate (after consultation with the park), it should not be based 
on time of aircraft operations, but on the park ' s open hours for visitors. The specific 
hours to be defined as daytime are usually park specific. 

Seasonality 

A maximum of two different seasons is allowed. The determination as to whether to do 
two seasons rather than one should be based on a number of seasonal factors, such as: 

1) Deciduous land cover over the majority of the park. 
2) A substantial average temperature differential between seasons. 
3) A substantial wind speed differential by season or a seasonal shift in 

prevailing wind direction 
4) A substantial change in the number of air tour or other seasonal aircraft 

operations. 
S) Large changes in seasonal visitor use of the park. 

Ambient sound levels may differ from one season to another because of factors such as 
visitor activity, ground cover, foliage, insect activity and wildlife activity. Acoustic data 
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should be collected during the season (summer and/or winter) when most aircraft 
operations and/or visitation occur. 

Based on previous study experience, the primary summer months tend to be May-August, 
and the primary winter months tend to be November-February. Generally speaking, the 
swing months of March and April in the spring and September and October in the fall 
will vary by location. Until more is learned about acoustic seasonality from more long
term data sets, park staff should be relied on to provide input on seasonality for 
measurement. 

3. Measurement Site Selection 

As stated previously, typically 3 to 5 acoustic zones cover more than 75 percent of a park. 
The number of measurement sites may range from 1 site per park to a maximum of 15 
sites per park depending on the geographical size of the park. tbe variability of land 
cover, and the complexity of acoustic characteristics. A decision to measure at multiple 
sites must be justified in terms of each site representing a unique acoustic/management 
condition in the park. 

Secondary considerations in selecting measurement locations include the following 
factors in order of importance: 

• Approved soundscape management objectives for those zones (and associated need 
for baseline acoustic data) 

• Specific sound-sensitive areas (such as endangered species nesting area or sites of 
historical or cultural significance where "natural quiet" is an important attribute) 

• Specific acoustic data needs 

Assessment of specific sounds of interest may require collection of acoustic data 
specific to the area and source of that sound. Other areas of specific acoustic interest 
could be near a waterfall or river rapids where sound levels are specific to a localized 
source, and levels and attenuation characteristics of such areas are needed to develop 
ambient maps. 

Measurements may be appropriate under certain air routes (e.g., high-altitude 
overflights) to provide a reasonableness check for the modeling analysis. Such 
measurements do not need to be con6nuous or for long periods -generally 4 to 8 
hours of measurements per site will suffice. 

• Equipment and access considerations (security, solar exposure, visibility, etc.). 

Final selection of measurement locations is made through a screening process of 
potential sites considering all of the above factors, and in consideration of site access, 
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equipment availability/capability, and availability of personnel to deploy and service 
the equipment. Overarching all of the above criteria, and in many cases the most 
important and limiting criterion, is site accessibility. As important as a given site may 
be to satisfy any of the above criteria, if it is inaccessible, measurements cannot be 
conducted. 

4. Equipment Types and Setup Guidelines 

The purpose of these guidelines is to provide standards for acoustic measurement 
equipment and setup procedures. These guidelines are provided for general planning 
purposes, and there may be situations where these guidelines do not apply. ln situations 
where these protocols do not apply, any deviation should be thoroughly documented and 
rationale explained. 

Calibrator 

A calibrator whose performance is essentially independent of off-reference atmospheric 
conditions is recommended ("Draft Guidelines for the Measurement and Assessment of 
Low-Level Ambient Noise, Fleming et al., 1998). If an environmentally sensitive sound 
calibrator is used, care must be taken to ensure that all measured sound level data are 
corrected in accordance with manufacturer' s specifications. The use of a calibrator is 
required by ANSI S 1.4-1983. 

Instrument Clocks 

All clocks associated with the sound measurement effort shall be coordinated with GPS 
(Global Positioning System) time. This includes sound level meters, data loggers 
(notebook computer, Personal Digital Assistant-PDA ), and alJ digital watches used 
during observer logging. For long-term measurements, at a minimum, clocks will be 
synchronized with GPS time at the beginning of the measurement period, and time 
differences with GPS time will be noted at the end of the measurement period. Acoustic 
data collected during the measurement period will be adjusted to correspond with GPS 
time. 

Digital Recordings 

Digital recordings should be high quality, sufficient to accurately record sounds between 
approximately 10 dBA and 100 dBA. Recording instruments should have a signal-to
noise ratio greater than 60 dB and have the capability to provide accurate frequency 
coverage, at a minimum, between 20 Hz and 20,000 Hz. 

31 



Equipment Calibration 

Sound level meters, microphones, preamplifiers, and calibrators need to be calibrated by 
a certified facility on a regular basis. Most manufacturers recommend calibration 
annually. Field calibration checks and corrections shall be conducted during every site 
visit during field measurements and changes recorded. 

Microphone Type and Placement 

A random incidence microphone is reconunended for acoustic measurements in 
wilderness settings. Microphones can be either polarized or pre-polarized. Pre-polarized 
microphones tend to work better in wetter environments than polarized microphones. 
Generally, the microphone diaphragm should be placed 5 ft (1.5 m) above the ground 
surface and oriented vertically (microphone grid facing the sky) (Fleming et al. 1998; 
ANSI 1992). However, microphone height may vary depending on the specific sotmds 
being measured, plus any site-specific considerations (in national parks, bears and elk can 
be a problem, and microphones may need to be placed > 10 ft (3 m). Additionally, snow 
surfaces can vary considerably during a winter season, thus microphone height must be 
determined as appropriate for that situation. Any deviation should be documented and 
rationale explained. 

When measuring in very low acoustic conditions (<15 d.BA), measurements should be 
made using ultra-sensitive, low-noise microphones whenever possible. Such equipment 
is very expensive and labor intensive, thus such efforts may be limited. 

Microphone simulator 

A microphone simulator shall be used to establish the electronic noise floor of the entire 
electrical system absent of the microphone. 

Aircraft Photo-scaling System 

A photo-scaling system, developed in accordance with the SAE Aerospace Information 
Report (AIR) 902 (SAE 1966), may be used to determine the minimum distance from an 
observer at the measurement site to an over-flying aircraft. Typically, the system uses a 
digital camera with a fixed-focal length lens to record an image of the object.28 Then the 
pixel dimensions of the object are determined, which is used to compute the slant range 

28 As an alternative or backup to the photo-scale system, a laser range fmder may be used if do not create 
possible issues regarding "painting" of military aircraft - lasers are also targeting devices. If a laser range 
finder is proposed for use. this approach should be coordinated with the Department of Defense. 
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distance from the observer to the object (User's Guide for Volpe Photo-scaling System, 
Cambridge, MA, Volpe Center, David Senzig, 2003). Detailed logs, including camera 
settings site, data, time, aircraft type, aircraft model, operator, tail number, and direction 
(when identifiable), should be kept for later correlation with the recorded images. Slant 
range data can be used to correlate aircraft altitude with computer-modeled sound level 
data. 

Sound Level Meter 

Sound level meters shall be Type I or better and should perform true numeric integration 
and averaging in accordance with ANSI S 1.4-1983. 

Windscreen 

A windscreen is a porous device used to cover the microphone in order to minimize the 
effects of wind and wind gusts on the sound level measurements. The effect of the 
windscreen on sound level measurements should be known to within+/- 0.5 dB of each 
one-third octave-band and be included in the reporting documentation. When using 
windscreens that attenuate sound levels >0.5 dB, the amount of attenuation for each one
third occave-band must be known and corrections applied. 

Equipment Setup 

Acoustic monitors shall be placed in a location representative ofthe acousttc zone (or 
specific acoustic issue) under study and, when possible, in locations not influenced by 
sound sources outside that acoustic zone. Equipment used in acoustic studies should be 
situated so that the potential for contamination of data due to equipment-generated sound 
is minimized. For example, all cahle1; and wiring of the monitoring equipment should be 
secured to prevent sounds that might be created in windy conditions (due to wiring hitting 
other objects). Hard, flat equipment surfaces, such as solar panels, should be situated 
away from the microphone to reduce the potential reflection of sound from these objects 
towards the microphone. For every measurement site, parameters of that site will be 
recorded, including latitude and longitude, vegetation type, land cover, elevation, aspect, 
exposure, distance to sound sources (natural and non-natural), and others as appropriate. 
Photographs ofthe site and sWToWlding area should be taken. At the start of data 
collection, each system deployed at a site will be calibrated and checked to ensure all 
components are functioning properly. 
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5. Data Collection 

This section discusses the types of data that will be collected. Specific fonnats for 
acoustic data, source identification data, meteorological data, measurement location 
infonnation, instrumentation, and observer data is available through AEEN olpe Center. 

Acoustical 

Continuous, one-second, A-weighted sound levels and their associated one-third octave
band un-weighted spectrum from 20 to 20,000 Hz w111 be collected. Collected un
weighted values may be useful for analyzing possible effects on wildlife. Un-weighted 
data can be converted into A-weighted values, but not vice versa. 

Meteorological 

Meteorological data (wind speed, wind direction, temperature, and humidity) can 
improve the utility of acoustic data. Continuous, one-second wind speed data (and wind 
direction, outside air temperature data, and hwnidity when possible) will be collected. As 
stated earlier, previous studies in National Parks have established a strong correlation 
between land cover, wind speed, and ambient sound level. Sound levels also attenuate 
differently in cold or hot temperatures. ln general, ambient noise levels tend to increase 
with increasing wind speeds. Depending primarily upon the vegetative characteristics of 
the measurement site, a substantial change in noise level can occur as wind speeds 
increase. For example, ambient noise level data measured at a site containing dense 
foliage will indicate a strong dependence on wind, primarily due to the wind interacting 
with leaves. 

Source Identification/Oh.<>erver Logging 

In addition to sound level data, knowledge of the source, duration, and distribution of 
sound sources is important in characterizing natural and non-natural acoustic conditions 
in a park. Thus, during sound-level data collection, periods of observer Jogging and high
quality digital recordings will be conducted in order to discern the type, timing, and 
duration of different sound sources. Because observed (prime) data is better than data 
collected without any human observation (secondary). investigators should conduct 
several hours of observer logging and recording playback monitoring. Observed data 
should represent at least 5 percent of the measurement duration (e.g., 12 hours on fulllO
day program) at all sites. 29 

To perform the observer logging, an individual with normal hearing should log all 
sources of sound during the logging period. The logging should begin on the hour, such 
as from 1000 or 1500, in order to facilitate the matching of observer log data with hourly 

29 Percentage is based on the use of2.5% observer logging for extended A TMP measurement programs. 
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acoustic data. When conducting logging, observers should be at least 50ft (15m) from 
the acoustic monitor, and should be in the same vegetation type (acoustic zone) as the 
monitor. 

Digital Recordings 

Advancements are being made in acoustic data analysis. It is crucial to obtain high
quality archival recordings that can be used to compute additional metrics for future 
analysis. Digital recordings also provide an archival record ofthe biological acoustics of 
the area. 

Slant Range Photos 

High-resolution digital photographs of visible aircraft may be taken for later 
determination of slant range. Slant range data may be used to correlate actual data with 
computer-predicted data. 

Site Information 

Characteristics of the site, such as NLCD land cover type, the NatureServe Ecological 
Domain, Ecological Division, and Ecological System (if defined) will be documented. 
Most parks have also had vegetation mapping conducted with a regional classification. 
Noting this vegetation type will be useful as a cross-reference. Noting the dominant plant 
species and approximating aerial percent coverage of each is also useful documentation. 
Photographs documenting the site, the equipment setup, and its surroundings will be 
taken. 

6. Data Processing 

AEE and Volpe Center wilt make all software and related utilities (and special hardware 
requirements if any) available to FAA regional airport offices and EIS consultants upon 
request for required data processing and development of park ambient maps. 
Documentation explaining the use of these utilities and systems will also be provided. 

Several quality assurance filters and checks, and then several adjustments will be applied 
to the acoustic data prior to detailed data reduction and analysis to ensure that any 
questionable data is identified and that only "good" data are reduced and analyzed. 
Following is the list of filters to be used to identify "bad" or questionable data: 

• Data whose associated battery readings were less than the minimum voltage required 
to properly run the acoustic system (typically 11.0 volts); 
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• Data whose associated internal temperature readings exceeds the equipment 
manufacturer's maximum operating temperature limit {e.g., 122 degrees Fahrenheit 
for the Larson Davis Model 824 sound level meter); 

• Data whose associated !-second average wind speeds indicate an anemometer error 
(e.g., less than zero m/s,); 

• Data whose associated !-second un-weighted sound levels exceeded the 
manufacturer's instrumentation noise "ceiling level" for the gain setting of the 
instrument; 

• Data, which indicates a problem with the sound-level sample (e.g., data whose 
associated one-third octave-band data do not deviate by at least one standard 
deviation (dB) across all 33 bands, typically represented by no variations in sound 
levels within the bands); 

• Data that were contaminated by field personnel (e.g., data potentially contaminated 
by field personnel handling instrumentation during the calibration process) and/or 
other activities atypical for that area; 

• 
• Data whose associated 1-second average wind speeds were greater than 11 mph (5 

m/s), the predetermined, acceptable, wind speed threshold. Appendix E in the Hawaii 
Volcanoes measurement study discussed how the threshold was determined (HA VO 
2005). Available data suggests that there is a high probability of microphone-induced 
distortion above the wind speed threshold; however, unless such wind conditions 
occur more than 50 percent of the hour, exceedence metrics (e.g., Lso) will not likely 
be influenced. Both the FAA and NPS acknowledge that additional research is 
needed to determine if a more refined approach is necessary to account for data 
collected during high wind conditions; 

• Data in any given hour, for which greater than 25 percent of the samples are lost due 
to the above factors. When calculating hourly metrics from 1-second data, all 3600 
seconds of the hour are not required for calculating accurate hourly metrics as long as 
such loss contributes only negligible error to the hour's measured noise metrics ( < 3 
dB error). Thus, any hour with ?::.75 percent "good" data is acceptable for data 
analysis. 

The following is the list of adjus1ments to be applied to the acoustic data: 

• Gain adjustments, if any, to acoustic data; 
• Calibration adjustments to account for calibration drift as determined by measuring a 

calibration signal at the start and end of each data collection period; 
• Microphone frequency response adjustments to account for frequency response biases 

of the microphone as provided by a microphone calibration facility (These 
adjustments will be documented for each system in detail); 

• Windscreen frequency response adjustments to account for frequency response biases 
of the windscreen {These adjustments will be documented for each system in detail); 
and 

• Noise floor adjustments, as appropriate. These adjustments would provide a more 
accurate representation of the true ambient sound levels in low-level ambient 
environment 
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7. Data Analysis 

The collection of ambient data shall be conducted for the all-natural, traditional (all 
sounds except source of interest (aircraft), and existing ambient levels (all sources).30 

A fundamental difficulty in describing the sounds in National Park units, including 
natural and non-natural components, is that no single metric or measure can adequately 
describe acoustic conditions. Rather, a combination of acoustic metrics and measures are 
needed. Sound level data alone provide an important but incomplete understanding of 
acoustic conditions; identification of sources of sounds in Parks, both natural and non
natural, their frequency of occurrence, timing, and duration are also required for 
understanding park acoustics. In Table 2 below, examples of acoustic data, measurement 
duration, and acoustic metrics/measures calculated from those data (right column), are 
provided. 

Table 2. Acoustic data and associated measurement duration, metrics and measures. 

Data CoUected: Measurement Duration Sample Metrics 

• 10 days acoustic monitoring • Leq, Lso, for each hour, day, 
Sound Pressure Level • Supplemental 1-day acoustic month, season, and entire 
Data (1-second i-eq for monitoring at two distances measurement period 
one-third octave bands, (localized sound sources, e.g., • Minimum and maximum sound 
20-20,000 Hz; dBA) waterfalls) and/or under flight levels (Lmin and Lmax) 

paths • Lso Natural and Lso Existing 
ambients 

• ~percent of the measurement • Time Audible 
period • Identification of sources of 

Observer Logging and • When possible, sound 
Digital Recordings logging/recording periods should • Distribution of sources of sounds 

include all hours of concern (for • Number/duration of events, by 
example, if0700-1900 are the source 
hours of concern, each of those 
hours should be sub-sampled 

• Calculating Ambient Sound Levels 

30 See the Glossary for the definition of these ambient sotmd levels. 

37 



Computing ambient sound levels for acoustic conditions in National Park units has not 
been described thoroughly in the literature. The FAA/Volpe/NPS are developing 
standards for computing ambient sound levels in National Park units, and these methods 
are described below. 

Acoustic data in park-like settings are rarely nonnally distributed. In many backcountry 
areas of parks, sound pressure levels are relatively low ( 15 dB A to 30 dB A are common), 
with occasional loud events such as thunder or aircraft. On a graph of decibel level vs. 
frequency of values, these types of data are generally skewed towards the infrequent but 
much louder sounds. As a result, the standard arithmetic mean calculation to characterize 
the central tendency of the data is inappropriate. When calculating central tendencies of 
hourly data that are not normally distributed, the median is the most appropriate measure, 
rather than the mean. Likewise, computing central tendencies for data from many hours 
should also use the median (if, as is usually the case, those values are not nonnally 
distributed). When computing summary metrics for such values, calculations should be 
based on hourly summary data, not individual 1-second data of all the hours. This is 
necessary to insure hour-to-hour and day-to-day variation is addressed. 

• Calculating Natural Ambient Sound Levels CLNatural) 

Calculating natural ambient sound levels is not straightforward. All national parks 
have both natural and human-.caused sounds; hence calculation of natural ambient 
sound levels (sound levels without the influence of human-caused sounds) is difficult. 
Natural and non-natural sounds often overlap in both frequency and amplitude, and 
currently, there is no practical method to separate out acoustic energy of human
caused sounds imbedded in natural sounds. There are three basic approaches to 
calculating natural ambient sound levels that are currently available. Two of the 
approaches utilize listener judgments about the presence of human-caused sounds to 
adjust the calculation of ambient background level. With this knowledge, that portion 
of the sub-sample (either second-by-second decibel data with human-caused sounds, 
or that percent of the SlLb-sample with human-caused sounds) can be removed from 
the sub-sample and natural ambient estimated. However, with either approach, some 
error is possible. Removing decibel data may over-estimate natural ambient (because 
some periods of very quiet natural are removed), while removing a percentage may 
under-estimate the natural ambient (because some loud natural sounds may be 
removed). The third approach involves using a pre-selected, fixed exceedence (Lx) 
value and applying that value to all of the data. This approach does not allow for 
flexibility for different situations, and usually leads to greater errors in calculating 
natural ambient levels greater than either method mentioned earlier. 

The FAA recommends the method that removes second-by-second decibel data for 
times during the sub-sample when human-caused sounds are audible, and applying 
the resulting Lx to the entire data set to calculate natural ambient. The difficulty with 
this approach is that occasionally very quiet human-caused sounds can only be heard 
when natural sounds are also quiet, which potentia11y can result in over-estimating the 
natural ambient. Additionally, this method may occasionally result in natural ambient 
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sound levels being greater than existing ambient sound levels. In this event, it is 
necessary to explain the effect and the data to reduce possible confusion. 

Both the FAA and NPS acknowledge that additional research is needed to develop 
better scientific methodology for these calculations, and will strive to develop such 
methodology consistent with NEP A responsibilities. 

8. Ambient Map Development 

An ambient map is essentially a comprehensive grid of ambient sound levels throughout 
a study area. The measured data provide the base layer for the map and are then 
combined with the contributing effect of roads and localized noise sources, such as 
waterfalls, and river rapids, to develop a final, composite, ambient map of the park. Two 
different ambient levels, the existing ambient without the source of interest (i.e., aircraft) 
and the natural ambient, may be needed for use in computer modeling. 

The development of ambient maps is accomplished using Geographic Information 
Systems (GIS) to perfonn the following actions: 

• Defme the input "objects": 
o Define the park boundary in Universal Transverse Mercator (UTM) coordinates to 

set the initial grid area boundary; 
o Divide the park into a regular grid of points at a desired spacing (typically 500ft) 

using a Digital Elevation Model (DEM), which is a digital representation of a 
topographic surface typically used in GIS applications. Each point will be 
assigned an elevation value and UTM coordinates from the OEM; 

o Define the acoustic zone boundaries in UTM coordinates; 
o Define the location of each measurement site. Within a particular acoustic zone, 

the distance to the nearest measurement site will be calculated and assigned to 
each grid point within that acoustic zone; 

o Define the location of roadways and other localized noise sources. The distance 
to each of these sources will be calculated and assigned to each grid point based 
on the closest point of approach. 

• Assign a "measured" ambient sound level (and its associated one-third octave-band, 
un-weighted spectrum) to each grid point within an acoustic zone based on the 
measurement site nearest to it for each ambient type and metric; 

• Assign an ambient sound level due to each localized source (and its associated one
third octave-band, un-weighted spectrum) to each grid point using the drop-off rates 
determined by the Transportation Noise Model (TNM); and 

• Compute the combined "measured" and all localized source ambient levels (and 
spectra), as appropriate, at each grid point. 
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Additional guidance on the generation of ambient map files for use in INM is presented 
in the INM 6.2 Release Notes. 

9. Data Reporting 

Examples of figures and tables to be included in the reporting documents can be found in 
Table 3 below and in several research reports, for example: "Baseline Ambient Sound 
Levels in Hawaii Volcanoes National Park," Volpe Center, (HA VO) 2005, and 
"Reference Manual: Acoustic Studies in National Parks, NPS, 2005. 

Table 3. Example site description from Hawaii Volcanoes National Park (HA VO 
2005). 

Site ID 9B 

Site Name Kealakomo 

#Measurement Days and Dates 17 days- May 16, 2003 to June 1, 2003 

ATMP System# and Type 3 (NoiseLogger™) 

Latitude I Longitude (decimal 
155.1 611 I 19.3193 

degrees) 

Approximate Elevation (ft) 2100 

Slope < 5% Northwest 

Ecological Domain ( 400) Humid Neotropical 

Ecological Division (412) Hawai'ian Highlands 

Ecological System Not Applicable 

Land Cover Class (3) Barren 

Land Cover Subclass (33) Transitional 

Management Zone Natural 

Site Category Overlook 

Site Type Mobile 

Site Description Bare, recent lava flows 

Access Considerations 
Approximately 0.25-mile round trip hike on trail near 
the Kealakomo Overlook by head of the Naulu Trail 

Potential Sound Sources Aircraft, Vehicles, Wind 

Source Identification Data 

Sound source coding involves identifying and then categorizing audible sounds into a 
classification of sound sources. Table 4 below illustrates a hypothetical example of 
source identification 
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Table 4. Hypothetical example of source identification data (7-day sample period
sample scheme: record 10 seconds every two minutes). 

Number Percent 

Sound 
Of of 

Source 
Samples Samples 

With with 
Source Source 

No Sound Audible 1076 21.3% 
Unknown 72 1.4% 
Unusable data 126 2.5% 
Aircraft 1608 31.9% 
Vehicle 152 3.0% 
Non-natural, Motor 10 0.2% 
Non-natural, Other 6 0.1% 
Non-natural, 

96 1.9% Unknown 
Wind 852 16.9% 
Water Sounds 64 1.3% 
Thunder 32 0.6% 
Manunal 176 3.5% 
Bird 1622 32.2% 
Reptile 44 0.9% 
Insect 410 8.1% 
Animal, Unknown 40 0.8% 
Natural, Other 8 0.2% 
Natural, Unknown 58 1.2% 

Table 4-b. Example of reporting one-third octave-band and dBA decibel data, 
Arches National Park, cold desert acoustic zone, summer season (0-2400 hours). 

Arches National Park, 
Cold Desert (Pinyon-Juniper), 

Summer, All Hours 
Frequency Natural Existing 

(Hz) Ambient Ambient 
(dB) (dB) 

20.0 33.6 34.2 
25.0 32.8 33.8 
31.5 32.0 33.4 
40.0 31.8 33.3 
50.0 31.8 33.3 
63.0 32.0 33.7 
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80.0 32.0 33.3 
100.0 28.7 30.5 
125.0 25.3 28.1 
160.0 20.3 24.3 
200.0 14.6 19.6 
250.0 12.6 16.8 
315.0 11.6 14.7 
400.0 10.5 12.7 
500.0 8.6 9 .7 
630.0 5.8 6.1 
800.0 5.1 5.3 
1000.0 2.8 2.9 
1250.0 2.1 2.2 
1600.0 2.6 2.7 
2000.0 3.3 3.4 
2500.0 4.1 4.2 
3150.0 4.9 4.9 
4000.0 5.3 5.4 
5000.0 5.6 5.7 
6300.0 5.8 5.9 
8000.0 6.0 

0 

6.0 
10000.0 6.0 6.0 
12500.0 5.9 5.9 
16000.0 5.6 5.6 
20000.0 4.7 4.7 
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10. Computer Modeling 

The airport sponsor and consultants should obtain and use the latest vers.ion of the INM.31 

In addition, the sponsor should obtain all of the software, utilities, and documentation 
from AEE and Volpe Center that are needed to process the ambient data and produce 
ambient maps. 

The two primary input parameters required in the INM modeling effort are the baseline 
ambient sound level maps and the aircraft source and schedule data. These data are 
utilized by the INM to compute the metrics discussed: (1) as contours; (2) as points 
located on a regular grid spaced at consistent intervals apart; and/or (3) at user-specified 
"sensitive locations" (e.g., an endangered species habitat). 

TNM output data, presented in a series of graphics and tables, are then used in the 
quantification of the existing environment, as well as changes in sound level resulting 
from the various alternatives being considered. Modeling will also allow the analysis of 
potential noise impacts resulting from changes in operating conditions, including the 
number and frequency of operations, routes, altitudes, and air'Craft technologies, as well 
as geographic and/or temporal restrictions. Supplemental roadway data may also be 
considered for external combination with the INM output. 

Ambient Data 

When modeling noise levels in INM, three different metrics require ambient noise files: 
Time Above Ambient (TAA), Time Audible (TAUD) and Change in Exposure (delta 
dose/DDOSE). The format and content of these ambient files vary according to metric. 
Noise modelers should consult the INM 6.2 Release Notes on the required ambient file 
format and corresponding ambient data. 

In particular, user~ requiring use ofthe TAUD metric must submit their ambient data to 
AEE-100 through APP-400 in accordance with the procedures given in the INM 6.2 
Release Notes Appendix B- Ambient Data Input Files. FAA will perform a consistency 
check and return a binary file for use with the project. Once produced and approve~ the 
ambient file may be used to calculate the TAUD metric in the corresponding INM study." 

Aircraft Data 

Modeling of aircraft requires detailed information regarding the aircraft being flown 
within that environment. The INM has a comprehensive a ircraft database and is 
continuously being updated. However, the INM does not have all aircraft in its database. 
For those aircraft in which source data does not exist in the INM database, an aircraft 
type with similar acoustical characteristics will be used. All substitutions will be subject 

31 FAA Order 1050.1 E, Appendix A, Section 14.2b. 
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to AEE-100 approval. It should be noted that while it is standard practice to substitute 
similar aircraft for those aircraft for which there is no available source data in the FAA's 
INM database, examining the appropriateness of the noise and performance data for these 
substitution aircraft for use in the National Parks is critical for several reasons: 

FAA radar data, published data, survey information, etc. may be used to identify aircraft 
overflights (commercial jets, general aviation aircraft, military aircraft, air tours, etc.). 
The goal is to obtain an accurate and representative assessment of current aircraft activity 
at the park. 

The analysis must also consider cumulative impacts from all types of aircraft operations 
(e.g., commercial, military, GA, and air tours). To obtain information for high altitude 
overflights, the Enhanced Traffic Management System (ETMS) database may be 
queried. The ETMS database contains aircraft flight and position records for all aircraft 
filing a flight plan and operating in the United States National Airspace System (NAS). 

It should be noted that for many parks, detailed air tour route and schedule data have not 
been historically recorded. However, most tour operators are willing to provide some of 
these data upon request. For those tour operators who do not have data available (e.g., ad 
hoc operators who operate only a handful of tours annually), it may be possible to 
approximate air tour routes based on limited knowledge of points of interest within the 
affected parks and tour durations, i.e., tour operators "sell" sights and flight times. 

FAA generally uses average annual day for stable sound environments with little seasonal 
variation. Ifthere are significant peak periods of aircraft activity or visitor use, it is 
acceptable to define the average day as average day of operations during the peak month 
(PMAD). This assumes that the number of fljghts during the peak month is reasonably 
stable. 

Roadway D(lta 

For roadways, traffic sounds may be modeled using the Federal Highway 
Administration's Traffic Noise Model®. The following input data are needed to support 
TNM modeling: roadway geometry, traffic volume, traffic speed, vehicle mix, and 
ground surface characteristics (e.g., grass, water, rock). 
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GLOSSARY 

A-Weighting 
A frequency-based methodology used to account for changes in human hearing 
sensitivity as a function of frequency. The A-weighting network de-emphasizes the high 
(6.3 kHz and above) and low (below 1kHz) frequencies, and emphasizes the frequencies 
between 1 kHz and 6.3 kHz, in an effort to simulate the relative response of human 
hearing. 

Acoustic Energy 
Commonly referred to as the mean-square sound-pressure ratio, sound energy, or just 
plain energy, acoustic energy is the squared sound pressure (often frequency weighted). 
divided by the squared reference sound pressure of20 JLPa, the threshold of human 
bearing. It is arithmetically equivalent to lOLEVtto, where LEV is the sound level, 
expressed in decibels. 

Backcountry 
Any location in a study area subject to minimal human activity, such as designated 
wilderness areas or restricted, hiking and camping areas (destinations generally located 1 
hour or more from frontcountry locations). 

Change in Exposure (LJL32
) 

The arithmetic difference between aircraft noise exposure and ambient sound level. 
Computed L\L values below the user-specified ambient sound level at a given receiver 
location are reported as 0.0 dB. 

Day-Night Average Sound Level (DNL, also denoted by the symbol Ld,J 
Uses the same energy equivalent concept as LAeqT but covers a 24-hour period and is 
enhanced with a nighttime noise penalty (1 0 dB) to account for increased annoyance due 
to noise during the night hours (2200 hours to 0700 hours).33 

Decibel (dB) 
A unit of measure for defining a noise level or a noise exposure level. The number of 
decibels is calculated as ten times the base-10 logarithm of the squared sound pressure 
(often frequency weighted), divided by the squared reference sound pressure of20 JLPa, 
the threshold of human hearing. 

Equivalent Sound Level (TEQ, denoted by the symbol LAeqT) 
Ten times the base-l 0 logarithm of the time-mean-square, instantaneous A-weighted 
sound pressure, during a stated time interval, T (where T=t2-t1, in seconds), divided by 

32 In INM, the change in exposure metric is called DOOSE. 
33 For Californja projects, CNEL is used instead ofDNL, which uses the same energy equivalent concept 
with an additional 5 dB penalty during evening hours (I 900 hours to 2200 hours). 
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the squared reference sound pressure of20 !LPa, the threshold ofhuman hearing. LAeqT is 
related to LAE by the following equation: 

Where LAE = Sound exposure level (see defmition below). 

The LAeq for a specific time interval, Tl (expressed in seconds), can be normalized to a 
longer time interval, T2, via the following equation: 

L AeqT2 = LAeqTI - 1 Olog(T2/T 1) 

Exceedence Percentile (L:J 
This metric is the sound pressure level (L), in decibels, exceeded x percent of the time for 
the specified measurement period. The Lso value represents the sound pressure level 
exceeded 50 percent of the measurement period. Lso is the same as the median. 

Existing Ambient Sound Level (Lt.xisring) 

Existing ambient sounds are all sounds in a given area (inc1udes all natural sounds as well 
as all mechanical, electrical and other human-caused sounds, including the source of 
interest - aircraft). 

Frontcountry 
Any location in a study area subject to substantial human activity, such as scenic 
overlooks, visitor centers, recreation areas, or destinations reached by short hikes ( 1 hour 
or less). 

Frequency 
For a function periodic in time, the reciprocal of the period (the smallest increment of an 
independent variahle for which a fun~tion repeats itself). 

Hard Ground 
Any highly reflective surface in which the phase of the sound energy is essentially 
preserved upon reflection; examples include water, asphalt and concrete. 

Hertz (Hz) 
Unit of frequency, the number of times a phenomenon repeats itself in a unit of time. 

Line Source 
Multiple point sources moving in one direction, radiating sound cylindrically. Note: 
Sound levels measured from a line source decrease at a rate of 3 dB per doubling of 
distance. 

Maximum Sound Level (LmnJ 
The maximum A-weighted sound pressure level associated with a given event. 

46 

(dB) 

(dB) 



Natural Ambient Sound Level (LJVLituraU 

Natural ambient sounds are all natural sounds in a given area (1.e., wind, streams, 
wildlife, etc.), excluding mechanical, electrical, and other human-caused sounds. Natural 
ambient sound is considered synonymous with the term "natural quiet," although natural 
ambient sound is more appropriate. 

Noise Free Interval {NFI) 
This metric is the length oftbe continuous period oftime during which only natural 
sounds are audible. 

Number of Events Above 
An event-based metric that reports events above a specified A-weighted sound level (e.g., 
10 dB increments) in order to identify the number of events occurring at different levels 
of loudness. 

Photo-Scaling 
The technique of photo-scaling relies on the geometric principle that the ratio of the 
lengths of the bases of two similar isosceles triangles is equal to the ratio oftheir heights. 
"Similar" in this context has the geometric meaning that the vertex angles of the isosceles 
triangles are equaL In photo-scaling, the f1rst isosceles triangle has the distance from the 
observer to the object as the height of the triangle and the known length of the object as 
the triangle's base. The second isosceles triangle has the camera/lens combination's focal 
length as the height of the triangle and the length of the recorded image as the triangle' s 
base. This methodology uses SAE Aerospace Information Report AIR 902 as the basis 
for determining the Closest Point of Approach (CPA) of an object moving relative to an 
observer. 

Point Source 
Source that radiates sound spherically. Note: Sound levels measured from a point source 
decrease at a rate of 6 dB per doubhng of distance. 

Soft Ground 
Any highly absorptive surface in which the phase of the sound energy is changed upon 
reflection; examples include terrain covered with dense vegetation or freshly fallen snow. 
(Note: At grazing angles greater than 20 degrees, which can commonly occur at short 
ranges, or in the case of elevated sources, soft ground becomes a good reflector and can 
be considered hard ground). 

Sound Pressure Level (SPL) 
Ten times the base-l 0 logarithm of the time-mean-square sound pressure, in a stated 
frequency band (often frequency-weighted), divided by the squared reference sound 
pressure of20 JLPa, the threshold of human hearing. 
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Where p2 =time-mean-square sound pressure; and Prel = squared reference sound 
pressure of 20 J.tPa. 

Sounds cape 
The total ambient acoustic environment associated with a given environment in an area 
such as a national park. In a national park setting, this soundscape is usually composed 
of both natural ambient sounds and a variety of human-made sounds. 

Time Above Ambient (T AA) 
The amount of time (mjnutes or percent) that sound pressure levels from a specific source 
of interest are greater than a specific ambient sound pressure level (natural or existing). 
For this noise screening assessment, A-weighted ambient levels will be used for TAA. 
(The A-weighted ambient value will be the median of the closest and most representative 
data available.)34 

Time Audible (TAUD) 
A more sensitive and complex time-based metric than T AA that compares spectral data 
for aircraft and the ambient sound environment to determine the amount oftime that 
aircraft can be detected by an attentive listener with nonnal hearing (minutes or percent). 

Traditional Ambient Sound Level (Lrraditional) 

Like existing ambient sound levels, traditional ambient sounds are all sounds in a given 
area (includes all natural sounds as well as all mechanical, electrical and other human
caused sounds) except for the source of interest - aircraft. In effect, the traditional level 
is the "existing ambient without the source of interest". 

34 In INM, this metric is listed as TALA, time above A-weighted level. 
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